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A p h o to m e tr ic  s tud y  o f  th e  extrem e he lium  s ta r s  has d e te c te d  
th re e  new v a r ia b le s  (BD+1®4381, BD-1°3438, LSIV~1°2) and co n firm e d
th e  suspected v a r i a b i l i t y  o f  two o th e rs  (L S II+ 3 3 ^5 , BD -9°4395).
The t im e s c a le  o f th e  v a r ia t io n s  i n  BD+1^4381 ( 21 d a ys ), BD-1°3438
(5 -8  d a ys ), LSIV-1®2 ( -1 1  days) and L S II+ 3 3°5  (3 -4  d a y s ), and th e  
presence o f  c o lo u r changes co ncom itan t w ith  th e  lu m in o s ity  
v a r ia t io n s ,  in d ic a te s  t h a t  the y  a re  r a d ia l  pu l sa to r  s. In  c o n tra s t ,  
BD-9°4395 i s  b e lie v e d  t o  be p u ls a t in g  n o n - r a d ia l ly .
P ho to m e tric  in v e s t ig a t io n s  o f  th e  e x tre m e ly  h y d ro g e n -d e f ic ie n t 
b in a r ie s  U p s ilo n  S a g i t t a r i i ,  CPD-58°2721 and KS P e rse i a re  
. p resen ted . KS P e rse i i s  suspected  o f  hav ing  a 5 -day p e r io d ic i t y  
in  a d d it io n  to  th e  —30 day p re v io u s ly  re p o r te d . A fre qu e ncy  
a n a ly s is  o f  th e  com plex l i g h t  cu rve  o f  CPD-58°2721 shows i t  may be
re c o n s tru c te d  from  two s ine -w aves w ith  p e r io d s  o f 9 .3  and 14.1
days. For U p s ilo n  S a g i t t a r i i ,  th e  r e s u l t s  in d ic a te  th a t  th e  
v a r i a b i l i t y  p re v io u s ly  a s c r ib e d  to  e c lip s e s  can in s te a d  be 
unders tood  i n  term s o f  r a d ia l  p u ls a t io n  o f  th e  v i s ib le  component, 
w ith  a p e r io d  o f  >^20 days. A d d it io n a l ra p id ,  —0.02  mag 
lu m in o s ity  v a r ia t io n s  w ith  a p e r io d  o f  239 seconds a re  re p o r te d .
T h e ir  o r ig in  i s  u n c e r ta in ,  and the y  a re  the  s h o r te s t fo rm  o f  
v a r i a b i l i t y  re p o r te d  f o r  t h i s  type  o f o b je c t .  T h e o re t ic a l 
m o d e llin g  o f  th e  l i g h t  cu rve  in d ic a te s  an e a r ly .  B -ty p e  
m ain-sequence secondary w ith  a mass o f —11M , much h ig h e r th a n  
p re v io u s ly  th o u g h t. A p o s s ib le  fu tu r e  m erg ing o f  th e  b in a ry  j
components w ou ld  r e s u l t  i n  a Type I  supernova. There i s  no j
ev idence  o f e c lip s e s  i n  any o f  th e  s ta r s .  Î
. , ^  ^  . _ - ,  '
A f in e  abundance a n a ly s is  o f  CPD-58°2721 y ie ld e d  T^^^=14,000K, 
lo g  g=1.25, n jj:n jj^= 0 .0 0 5 , n^:ng=40 and suggests  an overabundance o f 
heavy m e ta ls  when compared to  re la te d  o b je c ts .  I t s  spectrum  shows 
marked changes i n  th e  s tre n g th s  o f  low  e x c i t a t io n  m e ta l l ic  l in e s  
w h ich  a re  ev idence  o f  tem pe ra tu re  changes d u r in g  p u ls a t io n .  
S pectroscopy o f  th e  s u rro u n d in g  n e b u lo s ity  shows i t  to  have an 
e m iss io n  spectrum  t y p ic a l  o f  an H I I  re g io n .  R a d ia l - v e lo c i ty  
measurements in d ic a te  i t  i s  p ro b a b ly  p a r t  o f  th e  s u rro u n d in g  E ta  
C a rina  nebu la , w h i ls t  th e  s ta r  i s  more d is ta n t .
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1. In t r o d u c t io n
1.1 HydrQgo.n~D.ef i c ie n c y  i n s t ars
The extrem e h e liu m  s ta r s  and th e  ex trem e ly  h y d ro g e n -d e f ic ie n t 
b in a r ie s  re p re s e n t a sm a ll group o f s ta rs  w h ich  e x h ib i t  an 
a s to n is h in g  la c k  o f  hydrogen i n  t h e i r  atmospheres, hav ing  t y p ic a l ly  
^H*^He"^ 10” ^ .  They a re  p a r t  o f  the  la r g e r  group o f s ta rs  found  i n  
many s p e c tra l ranges w h ich  e x h ib i t  hydrogen d e f ic ie n c y  in  t h e i r  
o u te r la y e rs  to  v a ry in g  degrees.
C la s s i f ic a t io n  in t o  d i f f e r e n t  groups can be f a i r l y  a r b i t r a r y  
depending on w h ich  p ro p e r t ie s  o f  the  s ta r  a re  taken  in t o  accoun t. 
They d i f f e r  no t o n ly  in  th e  amount by which they a re  hydrogen 
d e f ic ie n t  bu t i n  p o s i t io n  on th e  HR diagram , p o p u la tio n  type , mass, 
and CNO and iro n -g ro u p  abundances. In v e s t ig a to rs  have t r ie d  to  
c la s s i f y  them m e a n in g fu lly  by g ro up in g  s ta r s  w ith  s im i la r  
p ro p e r t ie s .  From t h i s  i t  i s  f a i r  to  say th a t  f i v e  w e ll- d e f in e d  
groups have emerged. A ltho u gh  a few o b je c ts  d is p la y  p ro p e r t ie s  o f 
more than  one g roup , most o b je c ts  can be c la s s i f ie d  a cc o rd in g  to  
th e  fo l lo w in g  scheme:
a) Hot b lue  subdw arfs  (sdOs)
b) Moderate or in te rm e d ia te -h e liu m  (IH e ) s ta rs
c) Extreme h e liu m  (EHe) s ta r s
d) E x trem e ly  h y d ro g e n -d e f ic ie n t  b in a r ie s  (EHdBs)
e) R Corona B o r e a lis  (RCB) s ta r s
A lso  to  be in c lu d e d  a re  th e  h e l iu m - r ic h  (DO, DB, C^) w h ite  d w a rfs  
and the  n u c le i o f  some p la n e ta ry  nebulae (CPN). The W o lf -Rayet
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s ta r s  a re  a ls o  b e lie v e d  to  be h y d ro g e n -d e f ic ie n t .  I t  i s  usua l to  
c o n v e r t th e  lo g  L - lo g  d iagram  to  th e  lo g  g - lo g  diagram  as
t h is  e lim in a te s  e r r o r s  due to  b a d ly  de te rm ined  lu m in o s it ie s ,  g 
(s u r fa c e  g r a v i t y )  b e in g  de te rm ined  d i r e c t l y  from  th e  spectrum  o f 
th e  s ta r .  The p o s it io n s  o f  th e  v a r io u s  o b je c t  ty p e s  i n  th e  
lo g  g - lo g  Tg^^ d iagram  a re  shown i n  F ig . 1 .1 .
The q u e s t io n  must be asked w he ther the  h e liu m  e n richm en t m ig h t 
be a t t r ib u te d  to  s u p e r f ic ia l  p rocesses l i k e  th e  a c t io n  o f  r a d ia t io n  
p re ssu re  on th e  h e lium  l in e s .  I t  i s  unde rs tood  th a t  a lth o u g h  t h is  
may be tru e  i n  a few in s ta n c e s  th e  observed abundances a re  r e a l .  
The h y d ro g e n -d e f ic ie n t  s ta r s  show p o p u la t io n  I  and I I  
c h a r a c te r is t ic s  and must re p re s e n t a w ide range o f e v o lu t io n a ry  
s tag e s . They a re  found in  th e  d is k  and h a lo  p o p u la t io n s  o f  our 
G a laxy ; d i f f e r e n t  g roups appear to  fa v o u r d i f f e r e n t  h e ig h ts  above 
th e  g a la c t ic  p la n e . The sdOs (T ^^^  ^  35,OOOK) a re  found  a t  h ig h  
g a la c t ic  la t i t u d e s .  They f a l l  se v e ra l m agn itudes (M ^~ + 4 ) below 
th e  hydrogen m ain-sequence and appear to  be in te rm e d ia te  between 
th e  h e liu m  m ain-sequence and th e  w h ite -d w a r f  re g io n . They a re  
re g a rde d  as h e liu m  c o re -b u rn in g  o b je c ts  on o r  near th e  he lium  
m ain-sequence w ith  o n ly  a t h in  o u te r  h e liu m  enve lope (Heber e t  a l .  
1984).
W h ils t  w ith  th e  o th e r h y d ro g e n -d e f ic ie n t  o b je c ts  we a re  a lm ost 
c e r t a in ly  d e a lin g  w ith  h ig h ly -e v o lv e d  o b je c ts ,  th e  e v o lu t io n a ry  
s ta tu s  o f  th e  IHe s ta rs  i s  u n c e r ta in .  T h e ir  s u rfa ce  g r a v i t ie s  and 
te m p e ra tu re s  (T ^^^  > 20,OOOK) a re  t y p ic a l  o f  ze ro -age  m ain-sequence 
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L o g  T, FF
F ig u re  1.1 The lo g  g - lo g  d iagram  f o r  some h y d ro g e n -d e f ic ie n t
s ta r s  (adapted from  H i l l  1986). The o b je c ts  and re g io n s  are  
in d ic a t iv e  ra th e r  than  d e f in i t i v e .  A lso  shown i s  th e  p o s it io n  o f 
th e  h y d ro g e n -r ic h  (DA) w h ite  d w a rfs . The numbers a long  the
hydrogen and h e lium  raa in-sequences a re  in  s o la r  masses.
Page 3
s ta r s .  T h e ir con finem ent to  th e  g a la c t ic  p lane  s tre n g th e n s  t h is  
id e a . However, th e re  i s  some evidence  (Hunger 1986) to  suggest 
th a t  they do no t fo rm  a u n ifo rm  c la s s  b u t can be d iv id e d  in t o  o ld , 
low mass (M ^  2M^) s ta r s  and young, h ig h  mass s ta r s  (M ^  2M ^). 
Osmer & P ete rson  (1974) show th a t  th e  l a t t e r  group p ro ba b ly  
re p re s e n t an e x te n s io n  to  h ig h e r tem pe ra tu res  o f  th e  helium -w eak 
p e c u lia r  A s ta rs ,  ju s t  as th e  sdOs as can be cons ide red  a 
c o n t in u a t io n  o f th e  he lium -w eak sdBs to  h ig h e r  tem pe ra tu res . T h is  
d ichotom y o f h e lium  enrichm en t w ith  tem pe ra tu re  has been 
in te r p r e te d  as d i f f u s io n  e f fe c ts .
The RCB s ta rs ,  EHe s ta rs  and EHdBs a l l  l i e  above th e  hydrogen 
main-sequence and have te m p e ra tu re s  i n  th e  range 2 ,5 0 0 -3 4 ,OOOK. 
The RGB s ta rs , a group o f  about 30 g ia n t  v a r ia b le  s ta rs ,  a re  the  
c o o le s t o f the  th re e  g roups b u t i n t r i n s i c a l l y  th e  most lum inous 
w ith  — 6 ( D r i l l i n g  1986). They s ta y  near maximum l i g h t  f o r  much 
o f the  tim e, bu t undergo d rops i n  l i g h t  o f  0 .5  to  9 m agnitudes a t  
i r r e g u la r  in te r v a ls  (F e a s t 1986) .  They a re  s im i la r  i n  mass and 
chem ica l co m p o s itio n  to  th e  la r g e r  g roup  o f  n o n -v a r ia b le  
hyd rogen-ca rbon  (HdC) s ta r s  (W arner 1967 ). The EHe s ta r s  and EHdBs 
(T ^^^  ^  8,500K) show a s im i la r  d e f ic ie n c y  o f hydrogen a t  t h e i r  
s u rfa c e s  as th e  RCB s ta rs  bu t do n o t show th e  la rg e  i r r e g u la r  drops 
in  l i g h t  c h a r a c te r is t ic  o f  th e  RCB s ta r s .
An im p o rta n t q u e s t io n  to  ask i s  w h e th e r these groups m ig h t be 
l in k e d ,  re p re s e n t in g  perhaps a s e r ie s  o f  e v o lu t io n a ry
phases. W h ils t th e  p o s i t io n s  o f  some o f th e  o b je c ts  in  th e  HR 
d iagram  suggest e v o lu t io n a ry  sequences, th e re  a re  s e r io u s
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o b je c t io n s  to  such an in t e r p r e ta t io n .  No two groups have been 
connected  s a t i s f a c t o r i l y ;  in h o m o g e n e itie s  i n  h e ig h ts  above th e  
g a la c t ic  p la n e , b i r t h /d e a th - r a te s  o r abundances a re  n o t 
r e c o n c ila b le  w ith  an e v o lu t io n a ry  co n n e c tio n . What i s  obv ious i s  
t h a t  a t  some e a r l ie r  s tag e , e i t h e r  m ass-loss  o f  the  h y d ro g e n -r ic h  
enve lope o r m ix in g  w ith  th e  in n e r  la y e rs  o ccu rre d , o r a com b ina tio n  
o f  b o th . The EHdBs a re  th e  o n ly  h e l iu m -r ic h  s ta r s  f o r  w h ich  th e re  
i s  any ev idence o f  a c lo se  companion and th e  p o s s ib i l i t y  o f
mass-exchange to  e x p la in  th e  lo s s  o f  the  o u te r h y d ro g e n -r ic h  
la y e r .  The id e a  o f  the  hydrogen  d e f ic ie n c y  a r is in g  from  th e  
c o lla p s e  o f a h e l iu m - r ic h  g a s -c lo u d  i s  ru le d  o u t by o b s e rv a tio n s  
show ing them to  be in  c lo s e  a s s o c ia t io n  w ith  s ta r s  o f  a p p a re n tly  
» n o rm a l’ co m p o s itio n . I f  hydrogen d e f ic ie n q y  re p re s e n ts  an
e v o lu t io n a ry  s ta g e (s )  th ro u g h  w h ich  most ’ no rm a l’ s ta r s  can be 
expected  to  pass, i t  must be v e ry  s h o r t  l iv e d  to  accoun t f o r  the  
s m a ll numbers observed . A l t e r n a t iv e ly  i t  may r e a l ly  re p re s e n t a 
p e c u l ia r  g roup  o f  o b je c ts  w h ich  have a r r iv e d  a t  th a t  stage by some 
p a r t ic u la r ,  unusual fa c to r s  and e ve n ts .
In  subsequent c h a p te rs , th e  p ro p e r t ie s  o f  two groups o f
h y d ro g e n -d e f ic ie n t  s ta r s  a re  in v e s t ig a te d ,  th e  EHe s ta r s  and th e
EHdBs,
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1.2 Uig-Extr d f f l  jg-tana
The EHe s ta rs  a re  a group o f about tw en ty  h o t, h ig h ly  lum inous 
s ta r s  whose atm ospheres a re  e x tre m e ly  h y d ro g e n -d e f ic ie n t  
(n j^ :n ^^  10“ ^ ) ,  and w h ich  fo rm  an a lm ost c o n tin u o u s  te m p e ra tu re
sequence between 8,500K and 3 4 ,OOOK (S chonberner e t  a l .  1982), 
They show no ev idence  f o r  b in a r i t y  ( J e f fe r y  e t  a l ,  1987a), 
Tab le  1,1 i s  a l i s t  o f  a l l  EHe s ta r s  known a t  th e  p re se n t t im e  
( ta k e n  f r a n  D r i l l i n g  & H i l l  1986),
The s p e c tra  o f  th e  EHe s ta rs  show s tro n g  l i n e s  o f  he lium  and 
v e ry  sharp  l in e s  o f  n e u t ra l,  s in g ly  o r doub ly  io n is e d  m e ta ls . A l l  
th e  p e rm it te d  l in e s  o f  H el a re  p re se n t and many o f th e  p r o f i le s  
show th e  presence o f fo rb id d e n  components. Hydrogen l i n e s  a re  weak 
o r  absen t, and Baim er l in e  e m iss io n  i s  n o t seen. A l l  th e  e lem ents 
n o rm a lly  d e te c te d  i n  e a r ly  B -s ta rs  a re  p re se n t, w ith  th e  m e ta l l ic  
l in e s  g r e a t ly  enhanced due to  th e  lo w e r o p a c ity  o f th e  h e lium  
atm osphere. C, N and Ne show la rg e  overabundances, w h ile  0 i s  
o f te n  g r e a t ly  d im in is h e d  o r absent. They a re  m e ta l - r ic h ,  w ith  
2= 0 .0 5 . Even w ith  carbon o m itte d  the y  a re  s t i l l  as m e ta l - r ic h  as 
th e  Sun, Only f i v e  EHe s ta r s  BD+10°2179, HD 168476, HD 124448, 
BD-9°4395 and BD-1°3438 have been examined by f in e  a n a ly s is  to  
de te rm ine  t h e i r  abundances.
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For models based on s in g le - s ta r  e v o lu t io n ,  th e re  a re  two 
c o n c e iv a b le  ways to  produce th e  extrem e hyd rogen -de f ic ie n c y  
observed i n  th e  EHe s ta r s  -  e i th e r  by e je c t io n  o f th e  h y d ro g e n -r ic h  
enve lope a t  a c e r ta in  phase o f  e v o lu t io n ,  o r by b u rn in g  th e  
h y d ro g e n -r ic h  atm osphere in t o  h e liu m  by m ix ing  o f  the  s ta r .  
P aczynski (1971) c o n s id e re d  th e  lo s s  o f  th e  h y d ro g e n -r ic h  
atm osphere d u r in g  e v o lu t io n  and fou n d  th a t  t h i s  co u ld  happen f o r  
m odels w ith  ^  5M^ ju s t  a f t e r  th e  e x h a u s tio n  o f  helium  in  th e  
co re . However, th e  EHe s ta r s  a re  b e lie v e d  to  have masses o f  o n ly  
about 1M^ so th a t  th e  e je c t io n  s c e n a rio  does n o t seem l i k e l y  on 
accoun t o f t h e i r  low  masses. In s te a d  he chose m ix in g  as th e  most 
p la u s ib le  e x p la n a tio n , re g a rd in g  th e  observed s u rfa ce  enrichm ent o f 
he lium  and ca rbon  as d i r e c t  ev idence  f o r  m ix in g  o f  the  deep 
i n t e r i o r  and s t e l l a r  s u r fa c e . He suggested th a t  such m ix in g  co u ld  
perhaps be id e n t i f ie d  w ith  the rm a l p u ls e s  o f  the  he lium  s h e l l  in  a 
d o u b le -s h e ll b u rn in g  phase (S ch w a rzsch ild  and Harm 1967).
Schonberner (1977) suggested  th a t  th e  EHe s ta rs  a re  rem nants 
o f  p o s t-a s y m p to t ic  g ia n t-b ra n c h  s ta r s  c o n tra c t in g  to  become w h ite  
d w a rfs  w h ich  had somehow lo s t  t h e i r  h y d ro g e n -r ic h  enve lopes. T h is  
scheme p o s tu la te d  th a t  th e  EHe s ta r s  and RCB s ta rs  a re  in  
success ive  s tages  o f  e v o lu t io n .  However, Schonberner (1979) was 
unab le  to  accoun t f o r  th e  EHe s ta r s  by the  e je c t io n  o f the  
h y d ro g e n -r ic h  enve lopes o f  post-AGB s ta r s  ty  s t e l la r  w inds. Hamann 
e t  a l .  (1982) in v e s t ig a te d  th e  m a ss -lo ss  ra te s  o f EHe s ta r s  us ing  
u l t r a - v i o l e t  s p e c tra  and fo u n d  r a te s  to  be about th e  same o rd e r o f 
m agnitude as 'n o rm a l’ s ta r s  w ith  s im i la r  lu m in o s it ie s .  More
.-.F ; J. ^
Table  1.1 Extreme Helium  S ta rs
NAME RA (2000) DEC V (B- V)
LSS 99 06 54 46 — 10 48 41 12.29 0, 70
BD+10°2179 10 38 55 + 10 03 48 9.95 -0 , 19
LSS 3184 14 01 37 -66 10 02 12.60 0. 03
HD124448 14 14 59 -46 17 19 9.98 -0 . 10
LSS 3378 15 38 59 -48 35 57 11,48 0. 44
BD-9°4395 16 28 35 -09 19 34 10.54 0, 06
HD160641 17 41 50 -17 54 08 9.83 0. 14
LSE 78 17 42 34 -46 58 46 11.22 0. 06
LSS 4357 17 44 25 -19 38 03 12,62 0. 41
LS IV -1°2 17 51 27 -01 43 15 11,01 0. 38
BD-1°3438 18 03 55 -01 00 13 10.33 0. 46
LSIV+6°2 18 06 55 +06 21 46 12.17 -0 . 07
HDI68476 18 23 15 -56 37 43 9.27 —0 . 01
LSS 5121 18 43 16 -18 31 47 13.25 0. 32
LSIV -14°109 18 59 39 -14 26 11 11.15 0. 33
L S II+ 3 3°5 19 45 17 +33 58 25 10.31 0. 16
BD+1°4381 20 51 21 +02 18 47 9.56 0. 19
" i
It
NAME RA (2000) DEC V (B-•V)
KS P e rse i 04 48 54 +43 16 32 7.85 0. 49
CPD-58°2721 10 47 57 -59 08 37 10.50 0. 72
LSS 4300 17 37 59 -35 23 05 9.78 0. 84
Ups Sgr 19 21 44 -15 57 18 4.61 0. 10
T ab le  1 .2  E x trem e ly  H y d ro g e n -D e fic ie n t B in a r ie s
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r e c e n t ly ,  Webbink (1984) and Ib e n  & Tu tukov (1984) have 
in v e s t ig a te d  th e  m erg ing  o f  degenera te  CO and He w h ite  d w a rfs  i n  
c lo s e  b in a r ie s  to  produce an EHe s ta r .  However, a t  t h i s  s tage  th e  
o r ig in  o f  th e  hydrogen d e f ic ie n c y  o f th e  EHe s ta r s  must rem a in  
u n c e r ta in .
1 .3  The Extr_emely Hvdrogen-Def i c ie n t  B in a r ie s
The two s in g le - l in e d  s p e c tro s c o p ic  b in a r ie s  U p s ilo n  S a g i t t a r i i  
(Ups S gr) and KS P e rse i (HD3Û353), w ith  o r b i t a l  p e r io d s  o f  138 and 
360 days re s p e c t iv e ly ,  e x h ib i t  extrem e h y d ro g e n -d e f ic ie n c y  
(n^zn^g  ^  10 ^ )  and f o r  some tim e  have been co n s id e re d  to  fo rm  a 
un ique  c la s s  o f  o b je c t (P Iavec 1986). D r i l l i n g  e t  a l .  (1985) showed 
th a t  CPD-58^2721 (=LSS 1922, D r i l l i n g  1980) sh o u ld  be in c lu d e d  as 
th e  t h i r d  member o f t h is  g roup. A p ro v is io n a l o r b i t a l  p e r io d  o f  43 
days has been de te rm ined  by J e f fe r y  e t  a l .  (1 9 8 7 b ). U sing lUE and 
g round-based o b s e rv a tio n s , Schonberner e t  a l . (1982) and D r i l l i n g  e t  
a l . (1984a) d e r iv e  e f f e c t iv e  tem pe ra tu res  o f  11,100K (CPD-58°2721), 
10,500K (Ups S g r ) ,  and 9>000K (KS P e rs e i) .  A lthough  the  b in a ry  
p e r io d  i s  n o t known, r a d ia l - v e lo c i t y  measurements have a ls o  shown 
LSS 4300 ( = HD320156) t o  be a s in g le - l in e d  s p e c tro s c o p ic  b in a ry
( J e f fe r y  e t a l .  1987 a ) .  W ith  an e f f e c t iv e  te m p e ra tu re  o f 
T e ff= l4 ,4 0 0 K  (S chonberner & D r i l l i n g  1984) i t  appears to  re p re s e n t 
an e x te n s io n  o f  th e  group to  h ig h e r tem pe ra tu res . From v is u a l 
s p e c tra , a h ig h e r  e f f e c t iv e  tem pe ra tu re  o f 14,000K i s  in d ic a te d  f o r  
CPD-58^2721 (S e c t. 5 .3 ) ,  s im i la r  to  th a t  f o r  LSS 4300. A lthough  
th e  presence o f a companion has n o t been d e te c te d  a t  v i s i b le  
w a ve len g ths  i n  any o f th e  EHdBs, h o t companions have been d e te c te d
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i n  Ups Sgr and KS P e rse i frcra  u l t r a - v io le t  o b s e rv a tio n s  (D uvignau 
e t  a l .  1979, Hack e t  a l .  1980, D r i l l i n g  & Schonberner 1982, 
P a rth a s a ra th y  e t  a l ,  1986). Hot companions a re  le s s  l i k e l y  to  be 
o b s e rv a b le  i n  CPD-58°2721 and LSS 4300 due to  th e  h ig h e rI
te m p e ra tu re  o f th e  p rim a ry .
These b in a r ie s  a re  th e  o n ly  h ig h ly - lu m in o u s  extrem e |
h e l iu m - r ic h  s ta rs  f o r  w h ich  th e re  i s  any ev idence o f  a companion 
s ta r  ( D r i l l i n g  e t  a l .  1984b, J e f fe ry  e t  a l .  1987a), and f o r  these 
s ta r s  th e  hydrogen d e f ic ie n q y  has found  a n a tu ra l e x p la n a tio n  i n  
b in a ry  e v o lu t io n  in v o lv in g  mass t r a n s fe r  (P Iavec 1971, Schonberner 
& D r i l l i n g  1983). I t  i s  supposed th a t  th e  Qrstem c u r r e n t ly  
com prises  a h e liu m  s u p e rg ia n t o f  ~  1M^ (p r im a ry )  and a s ta r  o f 
la r g e r  mass c lo s e  to  th e  m ain sequence (s e c o n d a ry ). The s u p e rg ia n t 
p r im a ry  i s  f i l l i n g  i t s  Roche lo b e  f o r  th e  second t im e  and 
t r a n s fe r r in g  mass tow ards th e  secondary. The presence o f Ha and 
Hj8 i n  e m iss io n  i n  th e  spectrum  su p p o rts  th e  id e a  o f 
m a s s - tra n s fe r .  Whereas th e  EHe s ta r s  a re  carbon  and n it r o g e n - r ic h  
r e la t i v e  to  th e  Sun, th e  EHdBs a re  ca rbon -poo r b u t n i t r o g e n - r ic h .
T h is  overabundance o f n it ro g e n  has been in te r p r e te d  as th e  exposure 
o f  CNO-processed m a te r ia l a t  the  s u rfa ce  o f th e  s ta r  fo l lo w in g  
m a s s - t ra n s fe r / lo s s .  T h is  i s  an e v o lu t io n  q u i te  d is t in c t  from  th a t  
o f  th e  EHe s ta r s .  D e ta i ls  o f  th e  fo u r  known EHdBs a re  g iv e n  in  
T a b le  1 .2  ( ta k e n  from  D r i l l i n g  and H i l l  1986).
.
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1.4 P hotom etry : O b s e rv a tio n s  and R éductions 
1 .4a  8 A AO PHOTOMETRY
P h o to m e tr ic  o b s e rv a t io n s  o f  3 EHe s ta r s  and 2 EHdBs w ere made 
a t  th e  South A f r ic a n  A s tro n o m ica l O bserva to ry  (SAAO) in  1984 
M ay-Ju ly , 1985 A p r i l- J u n e ,  and 1986 Apr i l - May. The 0 .5-m  te le sco p e  
and M odular P hotom eter, and 1.0-m  te lesco p e  and S t Andrews 
Photom eter, were used to  o b ta in  o b s e rv a tio n s  i n  th e  uvby system 
(SAAO F a c i l i t i e s  Manual 1982 ). Telescope o p e ra t io n  and re c o rd in g  
o f  da ta  were com puter c o n t ro l le d
Two c r i t e r i a  w ere  used i n  th e  s e le c t io n  o f th e  com parison and 
check s ta r s ,  th a t  thqy sh ou ld  be i n  c lo se  p ro x im ity  to  th e  ta r g e t  
s ta r ,  and th a t  the y  shou ld  be o f a p p ro x im a te ly  th e  same s p e c tra l 
type . A d d it io n a l ly ,  one o r  b o th  shou ld  be w i t h in  one m agnitude o f 
th e  ta r g e t  s ta r .  Each o b s e rv a t io n a l sequence n o rm a lly  c o n s is te d  o f  
a s e r ie s  o f  measurements o f  th e  ta r g e t  (V r ) ,  com parison (C) and 
check (K) s ta r s  i n  th e  o rd e r C, V r, C, V r, K, Vr, C. The t o t a l  sequence 
occup ied  about 45 m in u tes . Sky measurements were made a t  le a s t  
once d u r in g  each sequence, and more f re q u e n t ly  when th e  sky 
background was h ig h  o r when th e  sky background was chang ing  
q u ic k ly ,  such as a t  m o o n -rise  and m oon-set. In te g r a t io n  tim e s  w ere  
chosen to  o b ta in  a p p ro x im a te ly  equal coun ts  th rough  each f i l t e r  i n  
th e  sequence yvbuubvy. T h is  o b s e rv in g  s t y le  more e a s i ly  a llo w s  f o r  
th e  d e te c t io n  o f  e rroneous  in te g r a t io n s  coun ts . U s u a lly  20 
s tan d a rd  s ta r  o b s e rv a tio n s  o r  more were made each n ig h t .
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The o b s e rv a tio n s  w ere  reduced on a com puter a t  SAAO by 
Mrs J .E .W este rhuys  to  th e  s ta n d a rd  S trom gren  system (C raw fo rd  & 
Barnes 1970, Gr0nbech e t  a l ,  1976 ). The re d u c t io n s  u t i l i s e d  th e  
most re c e n t ly  d e r iv e d  s e t  o f  c o lo u r  e q u a tio n s , u s in g  average 
e s tim a te s  o f  th e  s c a le  fa c to r s ,  c o lo u r  term s, and e x t in c t io n s  
d e r iv e d  over s e v e ra l o b s e rv in g  seasons. Zero p o in ts  were 
de te rm ined  f o r  each n ig h t  from  th e  s ta n d a rd  s ta r  o b s e rv a tio n s  i n  
o rd e r to  o b ta in  a c tu a l m agn itudes and c o lo u rs  from  th e  c o lo u r 
e q u a tio n s .
The data  s e ts  o f  th e  d i f f e r e n t  o b se rve rs  i n  th e  1985 o b se rv in g  
season were n o t a l l  reduced w i t h  th e  same s e t o f c o lo u r e q u a tio n s  
i n  th e  o r ig in a l  re d u c t io n s  a t  SAAO. I t  was necessary to  re -re d u c e  
a l l  th e  o b s e rv a tio n s  t o  th e  same s e t o f c o lo u r e q u a tio n s  a t  
S t Andrews u s in g  a copy o f  th e  program s u p p lie d  by SAAO. A problem  
was encountered w ith  th e  program p rocedu re  f o r  h a n d lin g  th e  sky 
s u b tra c t io n .  In  t h i s  p rocedu re , o n ly  th e  most re c e n t sky 
o b s e rv a tio n  i s  co ns ide re d , in  s t r i c t  c h ro n o lo g ic a l o rd e r, ra th e r  
th a n  a mean o r in te r p o la te d  v a lu e . T h is  produced p ro b lm s  when th e  
sky background was n o t n e g l ig ib le .  I t  was necessary to  e d i t  th e  
d a ta  f i l e s  to  ensure th a t  an in c o r r e c t  sky o b s e rv a tio n  w ou ld  n o t be 
p icke d  up i n  th e  re d u c t io n s .
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1 .4b OSN raOTOMETRY
S trom gren  o b s e rv a t io n s  o f  4 EHe s ta rs  and 2 EHdBs were made 
over a 13-day p e r io d  i n  1985 August w ith  th e  0 .75 -m  Steavenson 
te le s c o p e  a t  th e  O b s e rv a to r io  d e l S ie r ra  Nevada (OSN) o f  th e  
I n s t i t u t e  de A s t r o f is ic a  de A n d a lu c ia . O bse rva tions  were made 
s im u lta n e o u s ly  in  th e  fo u r  c o lo u rs  w ith  th e  Danish s ix -c h a n n e l 
uvby-HB photom eter (F lo re n t in r -N e ils e n  1983). Telescope o p e ra t io n  
and re c o rd in g  o f  d a ta  w ere  com puter c o n t ro l le d .  Each in te g r a t io n  
a c tu a l ly  c o n s is te d  o f  a s e r ie s  o f  one-second in te g r a t io n s .  A 
c a lc u la t io n  o f  th e  s ta n d a rd  d e v ia t io n  o f th e  one-second co un ts  i n  
each f i l t e r  a llo w e d  an e s tim a te  o f the  q u a l i t y  o f each 
in te g r a t io n .
Each o f th e  ta r g e t  s ta r s  and t h e i r  a ss o c ia te d  com parison  and 
check s ta r s  were t y p ic a l l y  observed f o r  1-2 hours each n ig h t  i n  th e  
sequence C, V r, K, C, V r, K, . . . ,  a lth o u g h  th e  exact o b se rv in g  sequence 
v a r ie d  f o r  each o b je c t .  Fewer check s ta r  o b s e rv a tio n s  were made 
f o r  those com parison  s ta r s  known no t to  v a ry  from  p re v io u s  
o b s e rv a tio n s . In te g r a t io n  t im e s  were chosen so th a t  th e  co un ts  
w ere  above the  th e o r e t ic a l  o n e -p e rce n t no ise  le v e l  in  each f i l t e r .  
For each o b s e rv a tio n , 3 c o n s e c u tiv e  in te g r a t io n s  were u s u a lly  
o b ta in e d , averaged to  im prove  th e  photon s t a t i s t i c s .  Poor see ing  
prom pted th e  use o f a la rg e  diaphragm (46 ” d ia m e te r) .  As mary o f 
th e  s ta r s  l i e  i n  crowded s ta r  f ie ld s ,  ca re  had to  be e x e rc is e d  i n  
s e le c t in g  a re g io n  f r e e  from  background s ta r s  f o r  sky 
measurements.
r i  >. • -.'ï
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T y p ic a l ly ,  20-30 o b s e rv a tio n s  o f  s ta n d a rd  s ta r s  w ere  made 
d u r in g  th e  n ig h t  ta ke n  frc ra  th e  l i s t  o f uvby s ta n d a rd  s ta r s  i n  th e  
A s tro n o m ica l Almanac f o r  1985. The p rocedu re  was to  observe  some 5 
s tan d a rds  a t  th e  v e ry  b e g in n in g  and end o f  th e  n ig h t ,  and a t  
r e g u la r  in t e r v a ls  i n  between. Each ta r g e t  s ta r  had an a s s o c ia te d  
s ta n d a rd  s ta r  nearby, which was observed a t  th e  b e g in n in g  and end 
o f  every o b s e rv in g  sequence. Due to  m is h a n d lin g  o f  th e  computer 
d is c  f i l e s  by th e  I n s t i t u t e  de A s t r o f is ic a  de A n d a lu c ia , th e  f i l e s  
w ere  lo s t ,  th e  o n ly  re c o rd  o f  th e  o b s e rv a tio n s  be ing  a ha rd -copy  
o b ta in e d  s im u lta n e o u s ly  w ith  th e  d is c  f i l e s  a t  th e  tim e  o f th e  
o b s e rv a tio n s . T h is  n e c e s s ita te d  th e  la b o r io u s  ty p in g  i n  by hand o f  
th e  d a ta  (some ~  150,000 c h a ra c te rs )  in t o  com puter f i l e s  a t  
S t Andrews.
From the  s tan d a rd  s ta r  o b s e rv a tio n s , n ig h t ly  e s tim a te s  o f  the  
e x t in c t io n s ,  s c a le  fa c to r s  and c o lo u r term s were o b ta in e d  u s in g  
Dr S. A. B e l l ’ s re d u c t io n  package STAN COL ( B e l l  1987 ). As th e  
d e te rm in a t io n  o f  these param eters was n o t a lw ays s a t is fa c to r y  fo r  a 
g iv e n  n ig h t ,  average v a lu e s  frora a l l  th e  n ig h ts  w ere  used i n  th e  
re d u c t io n s .  T h is  i s  j u s t i f i e d  as these  may be expected  to  change 
o n ly  s l i g h t l y  d u r in g  th e  p e r io d  o f  th e  o b s e rv a tio n s . The ta r g e t ,  
com parison  and check s ta r s  were in  such c lo se  p ro x im ity  th a t  
d i f f e r e n t i a l  e x t in c t io n  between th e  programme s ta r s  was u s u a lly  
n e g l ig ib le .  Z e ro -p o in ts  w ere dete rm ined  on 9 n ig h ts ,  w hich a llow ed  
a c tu a l m agnitudes and c o lo u rs  to  be e s tim a te d  f o r  these  n ig h ts .
..'1  '
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The programme s ta r  da ta  was reduced u s in g  a m o d if ie d  v e rs io n  
o f  Dr S. A. B e l l ’ s pho tom etry  re d u c t io n  package SIMPHOT, a d e ta ile d  
d e s c r ip t io n  o f w hich i s  g iv e n  e lsew here  ( B e l l  1987). T h is  p ro v id e s  
in s tru m e n ta l d i f f e r e n t ia l  m agnitudes i n  each o f th e  fo u r  c o lo u rs . 
The in s tru m e n ta l m agnitudes and c o lo u rs  o f  th e  programme s ta rs  were 
c o rre c te d  to  th e  s tan d a rd  S trom gren  c o lo u r system and Johnson V 
m agnitudes u s in g  th e  t ra n s fo rm a t io n  e q u a tio n s  g iv e n  below d e r iv e d  
frcra  the  s tanda rd  s ta r  o b s e rv a tio n s  :
^ s td  = + ^ in s t  "  0 .0 1 5 (2 o .0 1 7 ) . (b -y )^ ^ ^
( b - y ) g ^ j  = ze ro  p o in t  + 1 .0 0 5 (^ 0 ,0 0 3 ) .(b -y )
( v - b ) s td  = ze ro  p o in t  + 1 .0 0 2 (^ 0 .0 0 7 ) .(v -b )^ ^ ^ ^  + 0 .0 0 7 (2 o .0 0 9 ) .(b -y )
(u -b )  = ze ro  p o in t  + 1 .051 ("*"0.006) . (u -b )  . , + 0 .0 8 5 (^ 0 .0 2 2 ) . (b -y )  . ,ST/Q -  in s t  -  s td
where (b -y )^ ^ ^ ^  and (b - y ) ^ ^ ^  r e f e r  to  th e  e x t in c t io n -c o r re c te d  
in s tru m e n ta l (b -y )  and s ta n d a rd  (b -y )  r e s p e c t iv e ly .  D iffe re n c e s  
between th e  in s tru m e n ta l and s ta n d a rd  system in  y ,  (b -y )  and (v -b )  
a re  n e g l ig ib le ,  bu t amount t o  s e v e ra l hund red ths  o f  a m agnitude in  
( u - b ) .
1 .5  -Spectroscopy ; O b s e rv a tio n s  and R e duc tions
S p e c tro s c o p ic  o b s e rv a tio n s  o f  CPD-58*^2721 and th e  su rro u nd in g  
n ebu la  were o b ta in e d  w ith  th e  3 -9 -m  A n g lo -A u s tra l ia n  Telescope 
(AAT) in  1982 F ebrua ry  by Dr P .W .H il l ,  1984 A p r i l  by the  w r i t e r ,  
and 1985 March by the  w r i t e r  and Dr C .S .J e f fe ry .  The Boksensberg 
Image Photon C ounting  System on th e  Royal G reenwich O bservatory
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C assegra in  S pec trog raph  (R ob inson  1985) was used w ith  the  82-cm 
camera to  o b ta in  tw o -d im e n s io n a l s p e c tra  a t  a d is p e rs io n  o f 
lOAmm”' ^  For th e  1982/84 o b s e rv a tio n s  a ’ s h o r t ’ s i  i t - le n g t h  o f 19 
p ix e ls  (each 1 .4 ”  on th e  sky) a lig n e d  W-E and a p p ro x im a te ly  S-N was 
used to  o b ta in  o b s e rv a tio n s  i n  th e  s p e c tra l ranges 3240-4190A and 
5750-6790A. I n  1985 March a ’ lo n g ’ s l i t - l e n g t h  o f 245 p ix e ls  (each 
0 .7 2 ” on th e  sky) a lig n e d  W-E was used to  o b ta in  a s p e c tro s c o p ic  
mapping a c ro ss  th e  n ebu la  i n  th e  w ave leng th  in t e r v a l  6540-6780A, 
w h ich  in c lu d e s  th e  im p o r ta n t Ha , [ N i l ]  6548,6583A and [8 1 1 ] 6719, 
6734a n e b u la r e m iss io n  l in e s  (Chap. 5 ) .
R eductions w ere c a r r ie d  o u t w ith  the  h e lp  o f  Dr C ,S .J e ffe ry  
u s in g  th e  STARLINK s p e c tra l re d u c t io n  package SPICA on VAX 
com puters o f  STARLINK and th e  U n iv e rs ity  o f S t Andrews. Any 
c h a r a c te r is t ic  s m a ll- s c a le  s e n s i t i v i t y  p a tte rn s  ac ross  th e  d e te c to r  
were f i r s t  removed by d iv is io n  o f  a no rm a lise d , r e c t i f i e d  spectrum  
o f  a tu n g s te n  lam p ( th e  f l a t f i e l d )  o b ta in e d  a t  th e  b e g in n in g  and 
end o f  each n ig h t .  F ig . 1 .2  shews th e  c o n t r ib u t io n s  i n  th e  
s h o r t r - s l i t  sp ec tro sco py  to  th e  d i f f e r e n t  p ix e ls  a lo n g  th e  s l i t  
a lig n e d  a lo n g  an a x is  (a p p ro x im a te ly  S-N) p ass ing  th rough  
CPD-58°2721 and a c lo s e  ’ companion’ s ta r  11” sou th  o f CPD-58^2721. 
To im prove  th e  s ig n a l- to - n o is e  in  th e  l o n g - s l i t  spec troscopy  the  
p ix e ls  were sunmed i n  b lo c k s  o f  10 ( p ix e ls  241-245 were e xc ise d  
from  th e  d a ta ) d u r in g  th e  da t a - re d u c t io n  phase. F ig . 1 .3 shews th e  
d a ta  re - fo rm a tte d  i n t o  24 p ix e ls  (each 7 .2 ”  on th e  s k y ) .
F ig u re  1 .2 The v a r io u s  c o n t r ib u t io n s  to  th e  s ig n a l a long  th e  s l i t  
le n g th  in  th e  1982/84 s h o r t - s l i t  sp e c tro sco p y , in  t h i s  case f o r  the 
s l i t  a lig n e d  a lo ng  an a x is  (19 degrees o f f  S-N) pass ing  th rough 
CPD-58°2721 and th e  c lo se  'c o m p a n io n '. The 19 p ix e ls  p ro v ide  a 







F ig u re  1.3 The v a r io u s  c o n t r ib u t io n s  to  th e  s ig n a l a long  th e  s l i t  
le n g th  in  th e  1985 l o n g - s l i t  sp e c tro sco p y . The s l i t  was a lig n e d  
W-E, so th a t  th e  c lo s e  'com pan ion ' makes no c o n t r ib u t io n .  The 
o r ig in a l  245 p ix e ls  have been co-added in  b lo c k s  o f 10 to  im prove 
s ig n a l- to -n o is e  ( p ix e ls  241-245 e x c lu d e d ). The 12th p ix e l 










The a rc  speotrum  o f a o o p p e r-a rgo n  h o llc w -c a th o d e  lamp was 
re co rd e d  b e fo re  and a f t e r  each s t e l l a r  exposure. A mean com parison 
spectrum  from  th e  two a rc  exposu res compensated f o r  th e  am a l l  
s h i f t s  g e n e ra lly  found  between each p a i r  and p ro v id e d  a com parison 
spectrum  to  d e fin e  th e  w a ve len g th  s c a le  o f  each s t e l l a r  spectrum . 
The w ave leng th  id e n t i f i c a t io n s  g iv e n  by S ch in cke l e t  a l .  (1982) 
were used to  id e n t i f y  th e  a rc  l in e s .  W avelength c a l ib r a t io n  was by 
a le a s t-s q u a re s  p o lyn o m ia l f i t ,  u s u a lly  o f 5 th  o rd e r , to  th e  
c e n tro id s  o f  th e  l in e s  o f  th e  com parison  spectrum . The la r g e r  
r e s id u a ls  f o r  some c a l ib ra te d  s p e c tra  may be due to  random 
measurement e r ro rs  in  th e  measured p o s i t io n s  o f th e  com parison 
s p e c tra . C a lib ra t io n s  o f  red  s p e c tra  a re  g e n e ra lly  le s s  c e r ta in  
th a n  those in  th e  b lue  re g io n  due to  th e  p a u c ity  o f l in e s  i n  th e  
com parison s p e c tra  a t  re d  w a ve le n g th s . P ix e ls  co rre sp on d ing  to  
s ta r  o r nebu la  were summed s e p a ra te ly  and e x tra c te d  as 
one -d im e n s io na l s p e c tra  from  th e  s h o r t - s i  i t  sp ec tro sco py . Those 
p ix e ls  judged  to  be f r e e  o f s t e l l a r  c o n ta m in a tio n  w ere used i n  th e  
' sky ' s u b tra c t io n .  A p o ly n o m ia l f i t  to  th e  w a v e le n g th -c a lib ra te d  
s t e l l a r  da ta  removed th e  slow v a r ia t io n s  p re sen t i n  th e  spectrum 
due to  s e n s i t i v i t y  v a r ia t io n s  a c ro ss  th e  d e te c to r  and th e  shape o f 
th e  s t e l l a r  continuum . The s c a n - d is to r t lo n  a lo ng  th e  s l i t  i n  th e  
s h o r t - s l i t  o b s e rv a tio n s  was removed b e fo re  w ave leng th  c a l ib r a t io n .  
However, the  s c a n - d is to r t io n  i s  more severe  in  th e  l o n g - s l i t  
sp ec tro sco py , and because o f  th e  need to  o b ta in  a ccu ra te  
r a d ia l - v e lo c i t y  measurements, i t  was necessary to  c a l ib r a te  the  
speotrum  from  each c ro s s -s e c tio n  s e p a ra te ly .
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Two C assegra in  E c h e lle  Spectrogram s (CASPEC) o f  CPD-58°2721 
o b ta in e d  in  1985 A p r i l  a t  th e  European S ou th e rn  O bse rva to ry  were 
k in d ly  s u p p lie d  by Dr U.Heber o f K ie l  U n iv e rs ity  f o r  use in  a f in e  
a n a ly s is .  The o b s e rv a tio n s  were made w ith  a 3»6-m te lesco p e  and 
CCD d e te c to r  over the  range 3900-4800A. Exposure t im e s  were 30 
rain. D e ta i ls  o f  the  o b s e rv a tio n s  and re d u c t io n  methods have been 
d e s c r ib e d  by Heber e t a l .  (1 9 8 6 ). As th e  spectrum  o f CPD-58°2721 
shows s ig n i f ic a n t  changes i n  th e  s tre n g th s  o f  l in e s  (S e c t. 5 .2 ) on 
a t im e s c a le  o f days th e  v a r io u s  AAT s p e c tra  o b ta in e d  o ve r se ve ra l 
o b s e rv in g  seasons a re  u n s u ite d  to  use in  th e  f in e  a n a ly s is .
A low  d is p e rs io n  spectrum  o f CPD-58^2721 c o v e r in g  th e  range 
1150-2000A was o b ta in e d  by th e  w r i t e r  on th e  n ig h t  o f 1985 J u ly  
1 3 /14th w ith  th e  In te r n a t io n a l U l t r a v io le t  E x p lo re r  (IÜ E ) s a t e l l i t e  
from  th e  V i l la f r a n c a  s a t e l l i t e  t ra c k in g  s t a t io n  o f  th e  European 
Space Agency. A d e ta ile d  d e s c r ip t io n  o f  th e  s a t e l l i t e  and i t s  
o p e ra t io n  has been g iv e n  by Bogess e t  a l .  (1978a, 1978b). The
s h o r t  w ave leng th  prim e (SWP) camera was used to  o b ta in  a 7 -h o u r 
exposure , b u t because o f th e  la rg e  re d de n ing  o f  CPD-58°2721 i t  i s  
n o t p o s s ib le  to  o b ta in  a w e ll-e x p o s e d  spectrum . The s u p p lie d  image 
on th e  lUE Guest O bserver Tape had been c o rre c te d  f o r  g eo m e tric  
d is t o r t i o n  and c a l ib ra te d  in  w ave leng th  and f lu x .  The image was 
e x tra c te d  a t  K ie l and r e - c a l ib r a te d  u s in g  th e  recom m endations 
o f  B o h lin  & Holm (1 9 8 0 ). An a d d it io n a l lUE spectrum  o f  CPD-58°2721 
made w ith  th e  lo n g  w ave leng th  redundant (LWR) camera c o v e r in g  
1825-3300A, and SWP and LWR s p e c tra  o f BD +1°438l, LS IV -1°2  and 
LSS 4300, were o b ta in e d  from  th e  W orld Data C en tre .
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2.1 BD+1°4361
2 .1 a  OBSERVATIONS
P ho to m e tric  uvby o b s e rv a tio n s  o f  BD+1^4381 and i t s  com parison 
(BD+2°4257) and check (BD+0^4598) s ta r s  were made a t  SAAO w ith  the  
0 .5 -m  te le sco p e  on 15 n ig h ts  d u r in g  a 35-day p e r io d  i n  1984 j
May-June by the  w r i t e r ,  Dr O .S .J e f fe r y  and Mr R .A .M alaney, and on 
26 n ig h ts  d u r in g  a 41-day p e r io d  i n  1985 A p r il-J u n e  by th e  w r i t e r  
and D r8 P .W .H ill and O .S .J e f fe r y .  O b se rva tio n s  were a ls o  made w ith  
th e  1 .0-m  te lesco p e  d u r in g  a 10-day p e r io d  i n  1986 A p r il-M a y  by 
Dr P .M .H il l .  A d d it io n a l o b s e rv a tio n s  o f  BD+1^4381 were o b ta in e d  a t  
OSN w ith  a 0 .75-m  te le sco p e  i n  1985 August on 10 n ig h ts  d u r in g  a 
13-day p e r io d  by th e  w r i t e r  and Mr G .P .H .W il l in g a le .  In te g r a t io n  
tim e s  fo r  th e  OSN o b s e rv a tio n s  were chosen so th a t  coun ts  th rough  
the  y f i l t e r  were a p p ro x im a te ly  6 5 (V r ) ,  8 0 (C ), and 40(K) thousand.
Only d i f f e r e n t ia l  m agnitudes and c o lo u rs  i n  th e  s tan d a rd  system are  
g iv e n  from  the  OSN o b s e rv a tio n s . D e ta i ls  o f  th e  programme s ta rs  - I
a re  g iv e n  i n  Tab le  2 .1 .  The o b s e rv a tio n s  a re  ta b u la te d  i n  T ab les
2 .2  & 2 .3 ; th e  mean uvby m agnitudes and c o lo u rs  o f Tab le  2.1 a re
d e r iv e d  frcm  the  1985 SAAO o b s e rv a tio n s  i n  T ab le  2 .3 .  Parentheses 
in d ic a te  s tandard  d e v ia t io n  about th e  mean in  m il l im a g n itu d e s , and 
n i s  th e  number o f  o b s e rv a tio n s .
Table 2.1 P o s it io n s  and mean uvby photom etry o f th e  programme 
s ta rs  from  the  1984 /85 / 86 SAAO o b s e rv a tio n s  o f  BD+1^438l.
RA(1950) Deo 8p <V> <b-y> <v-b> <u-b> <C.j > <m.j > n
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Table 2 .2  The 1984 SAAO uvby photcmetry of BP+-1 °4381.
H. J. D.. Comparison Va r i a b le  *- Comparison Check -  Comparison
-2445000 V ( b-y) (v -b ) ( u -b ) V ( b-y) ( v-b) ( u-b) V (b -y ) ( v-b) (1u-b)844.651 9.254 0 .128 0 .288 1 .598 0 .266 0 .028 - 0 .067 -0 .996849.612 9.239 0 .132 0,280 1 .577 0 .303 0 .054 -0 .072 -0 .987 0.813 0.045 0 .120 0 .098
849.649 9.239 0 .136 0.277 1 .579 0 .300 0 .044 -0 .064 -0 .982 0.793 0.056 0 .119 0 .089
857.617 9.245 0 .131 0.280 1 .580 0 .261 0 .057. -0 .074 -0 .987
858.605 9.257 0 .121 0.280 1 .582 0 .255 0 .060 -0 .079 -0 .999 0.829 0.023 0 .120 0 .119858.658 9.258 0 .122 0 .275 1 .577 0 .252 0 .052 -0 .074 -0 .993 0.802 0.034 0 .140 0 .100
859.594 9.249 0 .133 0.283 1 .586 0 .256 0 .052 -0 .065 -0 .990 0.813 0.034 0 .118 0 .111
859.639 9.255 0 .133 0.286 1 .592 0 .256 0 .053 -0 .073 -1 .003 0.820 0.027 0 .130 0 .094
860.577 9.247 0 .127 0.283 1 .582 0 .257 0 .058 -0 .079 -1 .002 0.810 0.045 0 .121 0 .083860,613 9.253 0 .127 0.283 1.575 0 .254 0 .054 -0 .073 -0 .993 0.820 0.034 0 .120 0 .087
860.659 9.245 0 .131 0.274 1 .573 0 .260 0 .049 -0 .058 -0 .986 0.820 0.032 0 .136 0 .095861.441 9.262 0 .142 0.287 1 .580 0 .253 0 .056 -0 .062 -0 .988 0.851 0.046 0 .125 0 .217861.530 9.255 0 .136 0.286 1 .588 0 .252 0 .046 -0 .067 -1 .001 0.826 0.030 0 .124 0 .122
861.583 9.247 0 .131 0.282 1 .577 0 .253 0 .046 - 0 .069 -0 .995 0.798 0.046 0 .117 0 .101861.649 9.248 0 .126 0.277 1 .572 0 .250 0 .057 -0 .070 -0 .998 0.814 0.036 0 .126 0 .111
862.533 9.253 0 .134 0 .282 1 .581 0 .272 0 .054 -0 .066 -0 .996 0.835 0.041 0 .122 0 .132
862.567 9.251 0 .128 0.284 1 .588 0 .275 0 .055 -0 .071 -1 .004 0.823 0.038 0 .134 0 .118862.630 9.252 0 .131 0.284 1 .579 0 .279 0 .053 -0 .068 -1 .002 0.811 0.035 0 .126 0 .095866.564 9.241 0 .136 0.282 1 .581 0 .289 0 .043 -0 .065 -0 .995 0.827 0.019 0 .125 0 .111866.604 9.254 0 .129 0.279 1 .581 0 .281 0 .054 -0 .073 -1 .008 0.825 0 ,028 0 .120 0 .100
866.645 9.260 0 .122 0.280 1 .573 0 .281 0 .047 - 0 .068 -0 .991 0.816 0.017 0 .154 0 .132
873.571 9.248 0 .121 0.282 1 .577 0 ,298 0 .056 -0 .070 -0 .998
873.610 9.244 0 .128 0.276 1 .559 0 .288 0 .053 -0 .067 -0 .981
873.637 9.245 0 .131 0.271 1 .564 0 .292 0 .052 -0 .069 -0 .990
873.662 9.244 0 .130 0.280 1 .572 0 .293 0 .050 -0 .067 -0 .993
873.678 9.238 0 .133 0.285 1 .575 0 .301 0 .051 -0 .069 -1 .002
874.556 9.249 0 .118 0.286 1 .578 0 .286 0 .062 -0 .070 -0 .988 0.817 0.028 0 .126 0 .107874.698 9.241 0 .124 0.287 1 .577 0 .288 0 .061 -0 .073 -0 .991
874.625 9.237 0 .136 0.267 1.571 0 .293 0 .052 -0 .059 -0 .988 0.808 0.032 0 .125 0 .084
874.651 9.242 0..126 0.280 1 .578 0 .290 0 .051 -0 .062 -0 .989
874.672 9.240 0,.127 0.286 1 .572 0,.293 0,.057 -0, .076 -0 .993875.576 9.264 d , .123 0.287 1 .588 0,.291 0,.057 -0, .068 -0 .988
875.600 9.249 0,.136 0.275 1 .565 0..282 0 .047 -0, .060 -0 .975
875.632 9.252 0.,127 0.284 1 .578 0.,285 0 .053 -0 , .070 -0 .990
875.655 9.254 0..136 0.284 1 .577 0..283 0 .053 -0, .068 -0, .983
875.670 9.259 0.,138 0.289 1 .581 0..278 0,.049 -0 , .070 -0 .979876.560 9.268 0,.137 0.283 1 .580 0..275 0,.052 -0 . .069 -0 .990
876.654 9.266 0. 133 0.277 1,.568 0..273 0..054 -0 , ,066 -0. .984
877.552 9.254 0. 132 0.280 1 .576 0,.273 0,.054 -0 . ,066 -0, .981
877.582 9.258 0. 130 0.283 1 ,.581 0..259 0.,065 -0 . ,066 -0, .981877.600 9.261 0. 132 0.284 1 ,.574 0.,269 0.,054 -0 , ,071 -0 , .986
877.629 9.257 0. 132 0.280 1 ,.571 0..273 0,.059 - 0 , ,063 -0. .978
877.650 9.270 0. 128 0.286 1 ,.581 0. 266 0.,056 - 0 . ,070 -0 . ,981
877.666 9.275 0. 132 0 .284 1 ..581 0. .277 0, 046 - 0 . 074 -0 . ,982
878.546 9.249 0. 132 0.283 1..580 0. ,271 Oi 055 - 0 . 065 -0 , 983
878.629 9.244 0. 131 0.282 1 ..574 0. 275 0. 058 - 0 . 067 -0 . ,980
878.651 9.249 0. 133 0 .279 1 ..579 0. 279 0. 053 —0 . 064 -0 , 982
Tab le  2 3 The 1985 /86 SAAO and 1985 OSN uvby photometry of  BIM-1°438 . i
H. J .D. Comparison V a r i a b l e  -  Comparison Check -  Comparison
-24 46000 V ( b - y ) ( v - b ) u - b ) V ( b - y )  ( v - b )  ( u - b ) V ( b - y ) ( v - b ) ( u - b ) f-;
181,593 9 .257 0 .131 0 .283 .578 0 . 2 45 0 . 0 4 4  - 0 .0 74  - 0 . 9 9 9 0 .80 4 0 .0 45 0 . 1 0 5 0 . 0 9 4
181.654 9 .2 52 ü . 127 0 .2 79 .577 0 .24 5 0 .04 7  - 0 . 0 6 2  - 0 .9 97 0.821 0 .043 0 . 1 2 8 0 . 1 1 7 '1182.60b 9 .256 0.141 0 .2 78 .572 0 .2 26 0 . 0 40  - 0 . 0 74  - 1 . 0 0 6
185 .612 9.256 0 . 1 28 0 .27 7 .582 0 .227 0 .047  - 0 . 0 6 7  - 1 . 0 1 1 0 .82 0 0 .0 28 0 . 1 2 9 0 . 1 0 8
186.561 9 . 2 58 0 . 1 3 2 0 .2 78 .562 0 .2 34 0 .0 50  - 0 .0 75  - 1 . 0 0 1
186.636 9 . 2 44 0 . 1 3 2 0 .2 79 .569 0 . 2 44 0.041 - 0 . 0 74  - 1 . 0 0 2
187.626 9.246 0 . 1 3 2 0 .2 76 .576 0 . 2 54 0 . 0 42  - 0 .0 67  - 1 . 0 0 4
190.606 9 .253 0 .1 30 0 . 2 78 .598 0 . 2 67 0 .04 5  - 0 . 0 7 0  - 1 . 0 0 7
191.593 9 .2 60 0 .13 8 0 .2 76 .572 0 .2 79 0 .041 - 0 . 0 5 8  - 0 . 9 8 2
193.628 9 . 2 5 2 0 .12 7 0 .2 76 .577 0 .29 5 0 .05 6  - 0 . 0 7 2  - 0 . 9 8 9 0 . 8 25 0 . 0 2 8 0 . 1 2 4 0 . 1 3 0
193.659 9 .2 58 0 . 1 33 0 .2 75 .571 0 . 2 94 0 .04 7  - 0 . 0 6 9  - 0 . 9 8 9
194.590 9 .246 0 .1 24 0 . 2 7 6 .569 0 . 2 9 8 0 .047  - 0 . 0 6 4  - 0 . 9 8 3 0 .8 26 0 . 0 29 0 .121 0 . 1 06
194.615 9 .247 0 . 1 28 0 . 2 74 .579 0 . 2 9 8 0 . 0 48  - 0 .0 65  - 0 . 9 8 9 0 . 8 1 2 0 .0 43 0 .1 17 0 . 0 95
194.643 9 .2 44 0 . 1 3 0 0 .2 75 .579 0 .2 95 0 .05 6  - 0 . 0 6 5  - 0 . 9 9 1 0 . 8 14 0 . 0 4 2 0 . 1 19 0 .0 85 1197.576 9.251 0 .1 25 0.281 .570 0 .2 68 0 .051 - 0 . 0 6 7  - 0 . 9 7 9 0 .81 7 0 .039 0 .1 10 0 . 0 9 8
197.600 9 .253 0 .1 25 0 .2 77 .571 0 . 2 64 0 . 0 52  - 0 . 0 6 3  -0 .9 81 0 .81 6 0 .0 37 0.121 0 .0 93
197.624 9 .2 52 0 . 1 28 0 . 2 77 .572 0 .267 0 .0 50  - 0 . 0 6 3  -0 . 98 1 0 ,8 22 0 . 0 3 0 0 .1 14 0 .101
197.647 9 .255 0 .1 26 0 .2 77 .573 0 .261 0 .057 - 0 . 0 6 6  - 0 . 9 8 0 0 .8 10 0 .0 34 0 . 1 2 4 0 . 1 16
198.537 9 .250 0 . 1 33 0 .2 74 .570 0 .2 64 0 .0 46  - 0 . 0 6 5  - 0 . 9 8 0 0 . 8 20 0.031 0 .1 24 0 . 0 9 8
198.569 9 .245 0 . 1 29 0 .2 75 .577 0 .2 66 0 . 0 55  - 0 . 0 6 3  - 0 . 9 8 0 0 .8 26 0 .031 0 .119 0 . 1 0 4
198.597 9 .24 8 0 .131 0 .2 73 .572 0 .2 63 0 .0 50  - 0 . 0 5 9  - 0 . 9 7 6 0 . 8 14 0 . 0 29 0 .127 0 . 1 0 4
198.625 9 .2 44 0 .131 0 .2 75 .571 0 . 2 6 2 0 . 0 5 2  - 0 . 0 5 9  - 0 . 9 7 5 . 0 .8 18 0 .0 33 0 . 1 30 0 . 0 90
198.649 9 .238 0 .131 0 . 2 7 6 .577 0 .2 70 0 . 0 49  - 0 . 0 5 8  - 0 . 9 7 9
200.527 9 .2 54 0 .1 27 0 .2 79 .573 0 .257 0 .046  - 0 .071  - 0 . 9 8 5 0 .8 06 0 .045 0 .1 06 0 . 0 93
200 .556 9 .2 52 0 . 1 33 0 .275 .572 0 .257 0.041 - 0 . 0 6 4  - 0 . 9 7 7 0 . 8 14 0 . 0 29 0 . 1 3 2 0 . 0 9 9
200.585 9 .253 0 .127 0 .2 79 .576 0 .2 60 0 .046  - 0 .071  - 0 . 9 8 5 0.811 0 .0 45 0 . 1 12 0 . 0 7 5
20 0 .614 9.251 0 . 1 28 0 . 2 79 .575 0 .2 59 0 .051 - 0 . 0 7 0  - 0 . 9 8 2 0 .819 0 . 0 42 0 . 1 13 0 . 0 8 2 ■-J
200.647 9 .2 59 0 .1 26 0 .2 75 .574 0 . 2 52 0 .0 53  - 0 .0 71  -0 .9 8 1 0 .8 17 0.031 0 . 1 20 0 . 1 0 0
201.534 9 .2 50 0 .131 0 . 2 76 .575 0 .2 44 0 . 0 5 2  - 0 . 0 6 9  - 0 . 9 88 0 .8 18 0 .0 29 0 . 1 34 0 .0 89
20 1 .565 9 .245 0 .131 0 . 2 70 .577 0 .247 0 .047  - 0 . 0 6 2  - 0 . 9 8 9 0 .8 16 0 .0 28 0 . 1 34 0 . 0 98
20 1 .593 9 .246 0 . 1 30 0 . 2 73 .577 0 .2 42 0 . 0 4 4  - 0 . 0 6 1  - 0 . 9 8 7 0 .8 04 0 .035 0 . 1 29 0 .0 93
201 . 62 2 9.241 0 .1 25 0 . 2 77 .573 0 .2 50 0 . 0 48  - 0 . 0 7 2  - 0 . 9 8 7 0.821 0 .034 0 .1 13 0 .1 03
201 .650 9 .243 0 .1 24 0 . 2 77 .574 0 . 2 45 0 .051 - 0 . 0 70  - 0 . 9 8 5 0 .810 0.041 0.121 0 . 1 08
20 2 .540 9 .2 48 0 .1 34 0 . 2 76 .575 0 . 2 42 0 . 0 49  - 0 . 0 72  - 0 . 9 8 9 0 .8 24 0 .027 0 .1 23 0 . 0 9 8
20 2 .568 9 ,2 53 0 . 1 22 0 . 2 78 .578 0 .2 39 0 . 0 5 4  - 0 . 0 74  - 0 . 9 8 9 0.821 0 .037 0 .1 20 0 . 0 94
202.596 9 .2 54 0 .1 25 0 .2 75 .573 0 .239 0 .0 46  - 0 . 0 6 5  - 0 .983 0 .816 0.031 0 .119 0 . 1 13
20 2 .6 24 9 .247 0 .1 25 0 . 2 7 2 .573 0 .2 45 0 . 0 52  - 0 . 0 68  - 0 .9 90 0 .8 13 0 .043 0 .117 0 . 1 0 2
202.651 9 .250 0 .127 0 .275 .574 0 . 2 42 0 . 0 48  - 0 . 0 6 7  - 0 . 9 9 2 0 .8 22 0 .0 38 0 .111 0.081
203 .603 9 .2 48 0.12-r 0 .269 .560 0 .246 0 .0 45  - 0 . 0 6 7  - 0 . 9 8 8 0 .8 25 0 .0 26 0 .11 7 0 .1 08
203 .631 9 . 2 44 0 . 1 2 9 0 .2 69 .563 0 .2 50 0 . 0 4 4  - 0 . 0 6 3  - 0 . 9 88 0 .8 15 0 .0 30 0 . 1 36 0 .10 7
203.653 9.251 0 .1 26 0 . 2 74 .572 0 .2 40 0 .051 - 0 . 0 70  - 1 . 0 0 0 0 .8 16 0 .0 35 0 . 1 20 0.091
209 . 54 4 9 .247 0 .1 33 0 . 2 7 2 .569 0 .2 75 0 . 0 4 8  - 0 . 0 6 2  - 0 . 9 67 0 .8 14 0 . 0 30 0 . 1 20 0 . 1 1 2 ■ 4
209 . 57 3 9 .243 0 .1 34 0 .2 75 .578 0 .2 77 0 . 0 54  - 0 . 0 6 6  -0 . 98 1 0 .818 0 .0 38 0 . 1 23 0 .0 85
20 9 .6 1 4 9 .243 0 .1 33 0 .2 77 .577 0 .3 79 0 .0 45  - 0 . 0 6 7  - 0 . 9 76 0 .8 17 0 .033 0 . 1 20 0 . 0 9 4 % .
209 . 64 2 9 .2 42 0 . 1 3 2 0 . 2 79 .575 0 . 2 7 3 0 .056 - 0 . 0 7 0  - 0 . 9 7 7 0 .8 16 0 .0 25 0 . 1 2 2 0 . 1 1 2
210.526 9 .2 48 0 .1 28 0 .2 75 .577 0 .2 78 0 . 0 5 3  - 0 . 0 6 2  - 0 .9 80 0 .8 13 0 .0 40 0 . 1 0 8 0 . 0 7 6
210.641 9 .2 52 0 . 1 3 0 0 . 2 76 .575 0 .2 77 0 .053  - 0 . 0 6 7  - 0 . 9 7 6 0 .8 22 0.021 0 . 1 2 9 0 . 0 96
211.541 9 .2 59 0 .131 0 .2 79 .572 0 .2 79 0 .057 - 0 . 0 6 2  - 0 . 9 6 7 0 .8 13 0 .0 35 0 . 1 19 0 . 1 00 ' 'y
211.568 9 .2 52 0 . 1 32 0.281 .578 0 . 2 94 0 .0 50  - 0 . 0 6 3  - 0 .971 0 .8 23 0 .0 33 0 . 1 1 4 0 .0 94
2 1 1 . 65 8 9 . 2 60 0 .1 23 0 .2 78 .583 0 .285 0 .061  - 0 . 0 6 2  - 0 . 9 7 6 0 .8 15 0 . 0 38 0 . 1 23 0 .0 93 ÿ?
21 4 ,5 32 9 .246 0 . 1 3 0 0 .2 79 .572 0 .3 18 0 . 0 5 8  - 0 . 0 6 3  - 0 . 9 6 3 0.811 0 . 0 37 0 . 1 08 0 . 0 9 9 y214.551 9 .246 0 . 1 3 0 0 .2 79 .575 0 .3 16 0 . 0 63  - 0 . 0 6 3  - 0 . 9 6 7 0 .8 09 0 . 0 36 0 . 1 1 8 0 .101
215 . 52 2 9 .257 0 .1 35 0 . 2 74 .563 0 .3 13 0 .065  - 0 . 0 6 3  - 0 . 9 5 2 0 .8 22 0 .0 40 0 . 1 2 9 0 .1 37
215.547 9 .2 48 0 . 1 3 0 0 .2 79 .572 0 .31 9 0 . 0 69  - 0 . 0 5 8  - 0 . 9 5 5 0 .8 08 0 . 0 4 2 0 . 1 2 4 0 . 0 9 8 '■«1
216 . 52 9 9 .2 48 0 . 1 3 3 0 .27 5 .572 0 .3 25 0 . 0 6 3  - 0 . 0 6 5  - 0 . 9 6 2 0 .8 26 0 . 0 33 0 . 1 2 0 0 . 1 13 - ^





21 7 .6 58
21 8 .5 30  
215.651  
21 y .537  
219.641
22 0 . 54 8
2 2 0 .6 48
22 1 .54 8
2 2 1 . 64 8
295 .531
295 . 55 9  
295.383  
296 .393  
296 . 40 3  
29 5 .580
29 7 . 55 2
297 . 55 9  
29 7 .567  
29 8 .5 7 0  
298 . 57 5  
298.583  
2 9 9 . 51 2
29 9 . 52 2  
2 9 9 .5 29
30 0 .514
300.523
30 0 .5 32  
300.543  
30 1 .579  
30 1 .587  
301.593  
301.601  
3 0 4 .5 09
30 4 .5 15
3 0 4 .5 25  
304.531  
304 . 54 2  
306.54b
30 6 . 5 5 9  
30 6 .564  
30 6 . 57 3  
30 7 .4 9 8  
30 7 .5 06  
30 7 .5 20  
307.527  
307 .536  
547.661  
55 1 .653  
55 2 .64 0  
5 5 5 . 63 0  
55 6 .637
9 . 2 49  0
9 .25 6  0
9 .256  0
9 . 2 48  0
9 .2 45  0
9 . 2 52  0
9 .2 50  0
9 .257  0
9 . 2 4 8  0
9 .2 46  0
9 .2 53  0
9 . 2 4 8  0
135 0 . 2 7 5  
139 0 . 2 7 2  
132 0 . 2 7 6
132 0 . 2 7 4  
132 0 .281  
130 0 .2 80  
130 0 . 2 7 5
133 0 . 2 7 5  
132 0 . 2 7 7
124 0 . 2 7 3
134 0 . 2 80













9 .246  0 . 1 4 5  0 . 2 7 9  1.581
9 . 2 47  0 -134  0 . 2 8 0  1 .578  
9 . 2 5 4  0 . 1 3 1  0 .2 81  1 .583  
9 .2 45  0 .1 31  0 .2 86  1.589  
9 . 2 50  0 . 1 3 4  0 .281 1 .582
0 . 3 23
0 . 3 17
0 .3 23



















0 . 2 35
0 .246
0 . 2 54
0 .2 45










0 . 2 48
0 . 2 59
0 . 2 7 3
0.268
0 . 2 58
0 .2 64
0.270
0 . 2 78
0 .2 53





0 . 2 63
0.261
0 . 2 55
0 .2 52
0 . 0 58  
0 .054  
0.058  
0 .056  
0 .0 64  
0 .0 59  
0.061 
0.061 
0 .057  
0 .056  
0.056 
0.056  
0 .053  
0 .05 5  
0 .06 3  
0 .0 63  
0 .064  
0.061 
0.062  
0 .064  
0 .0 66  
0 .063  





0 .057  
0.058  
0.051  
0 .056  
0 .0 52  
0 .067  
0.061  
0.060  
0 .057  
0 .057  
0.051  
0 .054  
0 . 0 52  
0 . 0 54  
0.050  
0 .053  
0 . 0 48  
0.070  
0 . 0 60  
0 .0 54  
0 .064  
0 .0 63  
0 .0 33  
0 .0 48  
0 .049  
0.050  
0.051
- 0 . 0 5 7  
- 0 . 0 5 9  
- 0 . 0 5 5  
- 0 . 0 5 7  
- 0 . 0 6 5  
- 0 . 0 5 4  
- 0 . 0 6 3  
- 0 . 0 5 9  
- 0 . 0 6 7  
- 0 . 0 6 7  
- 0 .0 66  
- 0 . 0 6 7  
- 0 . 0 5 5  
- 0 . 0 6 4  
- 0 . 0 6 0  
- 0 . 0 6 4  
- 0 . 0 5 9  —0.060 
- 0 . 0 5 9  
- 0 . 0 6 9  
- 0 ,068  
- 0 .0 72  
- 0.071  
- 0 .0 62  
- 0 . 0 6 7  
- 0 . 0 6 5  
- 0.081  
- 0 .061  
- 0 .0 76  
- 0 . 0 6 9  
- 0 . 0 76  
- 0 . 0 7 4  
- 0 . 0 7 4  
- 0 . 0 7 1  
- 0 .0 70  
- 0 . 0 6 7  
- 0 . 0 6 0  
- 0 . 0 6 4  
- 0 . 0 6 4  
- 0 . 0 6 5  
- 0 . 0 6 0  
- 0 . 0 6 6  
- 0 . 0 60  
- 0 .056  
- 0 . 0 68  
- 0 .0 5 7  
- 0 . 0 62  
- 0 . 0 66  
- 0 . 0 5 9  
- 0 . 0 6 3  
- 0 .0 6 7  
- 0 . 0 6 3  
-0 .0 6 5  
- 0 . 0 60
- 0 . 9 6 8  
- 0 . 9 5 6  
- 0 . 9 4 8  
- 0 . 9 6 0  
- 0 . 9 6 3  
- 0 . 9 7 1  
- 0 . 9 8 4  
- 0 . 9 6 6  
- 0 . 9 79  
- 0 . 9 8 1  
- 0 . 9 7 9  
- 0 .9 8 1  
- 1 . 0 0 4
- 0.992
- 0 .9 89
- 0 . 9 8 5
- 0.993
- 0 . 9 8 9
- 0 .987
- 0 . 9 8 1
- 0 . 9 8 7
- 0.991- 0.994




- 0 . 9 9 7
- 0 . 9 92
- 0 . 9 9 7
- 1 .007  
- 0 . 9 79  
- 0 . 9 8 6  
- 0 . 9 9 9  
- 0 . 9 9 9  
- 0 . 9 9 7  
- 0 . 9 9 6  
- 0 . 9 8 0  
- 0.997 
- 1 . 0 0 1  
- 0 .993  
- 0 .986  
- 1 . 0 0 4  
- 0 . 9 9 9  
- 1 . 0 1 9  
- 1 . 0 1 3  
- 0 . 9 8 5
- 1,039
- 1 . 0 4 5  
- 0 . 9 9 8  
- 1 . 0 01  
- 0 .996  
- 0 .9 90  
- 0 .987
0 . 8 2 0  0 . 0 3 0  0 . 1 30  0 . 1 0 4  
0 .811  0 . 0 4 9  0.141 0 . 1 6 2
0.812 0.035
0 . 8 1 2  0 . 0 4 2
0.820 0.030 
0 .8 17  0 .031  
0 . 8 13  0 .0 44  
0 . 8 1 4  0 . 0 43  
0 . 8 1 2  0 . 0 4 4  
0 . 8 14  0 . 0 43
0 . 1 2 2  0 . 0 86  
0 . 1 1 5  0 . 0 87  
0 .1 17  0 .081  
0 . 1 25  0 . 1 3 5
0 .1 06  0 . 0 9 9  
0 .0 93  0 . 0 9 9  
0 . 1 06  0 . 0 9 8  
0 .093  0 . 0 9 8
0 .82 6  0 .0 26  0 .11 8  0 .101  
0 . 8 14  0 . 0 43  0 .11 9  0 . 1 0 5
0 .8 16  0 . 0 2 5  0 . 1 1 4  0 . 0 9 9
0 . 8 0 5  0 .041 0 .127 0 .111
0 . 8 2 6  0 . 0 3 3  0 . 1 29  0 . 1 0 4
0 .811 0 . 0 3 5  0 . 1 15  0 . 1 1 0  
0 .8 19  0 . 0 3 5  0 . 1 16  0 . 0 98
0 . 8 29  0 . 0 27  0 . 1 1 6  0 .097
0 .8 27  0 . 0 2 9  0 . 1 2 9  0 . 0 9 9
0 . 8 0 4  0 . 0 3 9  0 .1 18  0 . 1 19  
0 . 8 2 2  0 . 0 2 6  0 . 1 2 4  0.091
0 . 8 2 0  0 . 0 2 6  0 .1 34  0 .1 13
0 . 8 25  0 . 0 3 6  0 . 1 1 5  0 . 1 0 0
0 . 8 0 2  0 .021 0 . 1 2 8  0 .0 84  
0 . 8 2 0  0 . 0 2 4  0 . 1 3 4  0 . 1 07  
0 . 8 18  0 . 0 2 5  0 . 1 3 2  0 . 0 86
0 . 8 2 5  0 . 0 3 4  0 .1 11  0 . 1 08
0 . 8 2 5  0 . 0 27  0 . 1 2 2  0 .1 07  
0 .811  0 . 0 3 5  0 . 1 31  0 . 1 06
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Frora in s p e c t io n  o f  th e  1984 o b s e rv a tio n s  p resen ted  i n  F ig . 2.1 
( ta k e n  from  J e f fe r y  and Malaney 1985), BD+1°4381 shows a v a r ia t io n
in  V o f 0 .04  mag. S m a lle r am p litud e  v a r ia t io n s  a re  appa ren t in  
( u -b ) ,  w h i ls t  v a r ia t io n s  i n  (b -y )  and (v -b )  a re  comparable to  th e  
s c a t te r  in  th e  d a ta . A lthough  th e  tim ebase o f th e  o b s e rv a tio n s  i s  
o f  th e  same o rd e r as th e  t im e s c a le  o f th e  v a r ia t io n ,  u s e fu l 
in fo rm a t io n  can s t i l l  be o b ta in e d  from  a frequency  a n a ly s is .  On 
th e  assum ption  th a t  th e  l i g h t  cu rve  i s  s in g ly  p e r io d ic  the  method 
o f  le a s t  squares was used to  f i t  a s ine-w ave fu n c t io n  ( S k i l le n
1985) to  th e  V o b s e rv a tio n s  (F ig .  2 . 2 , taken  from  J e f fe r y  & Malaney 1 985). 
fre qu e ncy  was swept over a sm a ll range c lo se  to  th e  e s tim a te a  
fre qu e ncy  in  o rd e r to  o b ta in  th e  best s o lu t io n  w hich was found to  
co rrespond  to  a p e r io d  o f  21 .2  days. The 10 per cent e r ro r  i s  o n ly  
e s tim a te d  bu t i s  c o n s is te n t  w ith  the  fo rm a l e r ro r  expected had th e  
da ta  been e q u a lly  spaced. A s im i la r  techn ique  was a p p lie d  to  th e  
(b -y )  c o lo u r  cu rve , b u t s in ce  th e  a m p litu d e  o f th e  c o lo u r v a r ia t io n  
i s  s m a ll compared to  th e  s c a t te r  in  the  da ta , th e  frequency  
o b ta in e d  from  the  l i g h t  cu rve  i s  to  be p re fe r re d .  W h ils t  th e  f i t  
to  th e  l i g h t  cu rve  was enco u ra g in g , fu r th e r  a ccu ra te  pho tom etry 
over an extended p e r io d  was re q u ire d  to  de te rm ine  w he the r BD+1^4381 
i s  s in g ly  p e r io d ic ,  and to  im prove  the  p e r io d  d e te rm in a tio n .
The l i g h t  and c o lo u r  cu rve s  f o r  the  1985 SAAO o b s e rv a tio n s  a re  
shown i n  F ig . 2 .3  a lo n g  w ith  the  1985 OSN and 1986 SAAO 
o b s e rv a tio n s . The l i g h t  v a r i a b i l i t y  o f BD+1°4381 appears to  be due 
to  a p e r io d ic  v a r ia t io n  o f  about 23 days (n o t in g  su ccess ive  l i g h t  
m inim a a t  JD 2446194 and 217) and a m p litu d e  0 .07  mag in  V. The
F ig u re  2 .1  D i f f e r e n t ia l  l i g h t  and c o lo u r p lo ts  f o r  th e  1984 SAAO 
o b s e rv a tio n s  o f  BD +1^438l. A l l  b u t th e  V curve have been o f f s e t  by 
a r b i t r a r y  c o n s ta n ts .
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F ig u re  2 .2  D i f f e r e n t ia l  V and (b -y )  d a ta  o f F ig u re  2 .1  phased 
w ith  a p e r io d  o f  21 .1  days. The cu rves have been o f f s e t  by 
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shape o f th e  l i g h t  cu rve  appears v a r ia b le ,  the  fundam enta l 
v a r ia t io n  a p p e a rin g  superim posed on a s e c u la r o r lo n g e r- te rm  
dimming o f  BD+*1°4381 , a fe a tu re  a ls o  p re se n t i n  th e  l i g h t  cu rves  o f  
th e  RGB s ta rs  (A le xa n d e r e t  a l ,  1972, F e rn ie  1982). T h is  
in tro d u c e s  a d i f f i c u l t y  when a tte m p tin g  to  dete rm ine  the  p e r io d  o f 
th e  s ta r .  Assuming th e  slow  v a r ia t io n  to  be independent o f th e
fundam enta l p e r io d , i t  was removed by a p p ly in g  a h ig h -p a s s  f i l t e r  
to  th e  d a ta . A b e s t f i t  w ith  th e  1985 SAAO o b s e rv a tio n s  u s in g  a
s ine-w ave fu n c t io n  was o b ta in e d  w ith  a p e r io d  o f  22.1 days. The
d a ta  frcm  th e  1984 and 1985 SAAO o b s e rv a tio n s  were combined and a 
s in g le  s ine-w ave fu n c t io n  swept over a range o f p e r io d s  between
15-30 days in  o rd e r  to  o b ta in  th e  bes t f i t  to  th e  combined d a ta
s e ts . The goodness o f  f i t  was determ ined from  a number o f 
s t a t i s t i c a l  pa ram ete rs , in c lu d in g  th e  m u lt ip le  c o r r e la t io n  
c o e f f ic ie n t .  The d a ta  a re  s t i l l  i n s u f f ic ie n t  to  de te rm ine  th e  
p e r io d  unam biguously, an u n c e r ta in ty  o f 1 c y c le  per y e a r re m a in in g  
i n  th e  fre q u e n cy . The two b e s t v a lu e s  f o r  the  p e r io d  a re  21.5  and 
23,0 days. I t  i s  now p o s s ib le  to  de te rm ine  the  a m p litu d e  o f  th e  
c o lo u r  v a r ia t io n s  more p re c is e ly  from  the  1985 SAAO o b s e rv a tio n s  
th a n  was p o s s ib le  w ith  th e  1984 SAAO o b s e rv a tio n s . The a m p litu d e  
o f th e  l i g h t  cu rve  i s  0 ,0 57^0 .003  mag and in  (u -b )  th e  v a r ia t io n  i s  
0 .015^0 .002  mag. The v a r ia t io n s  in  (b -y )  and (v -b )  a re  somewhat 
s m a lle r  and a t  0 .0 0 5 ^0 .0 0 2  a re  comparable w ith  th e  s c a t te r  i n  th e  
d a ta . Maximum changes o f  0 .2  in  su rface  g r a v ity  and 200K in  T^^^ 
a re  e s tim a te d  from  model atmospheres o f  EHe s ta r s  (Heber & 
Schonberner 1981) f o r  th e  observed c o lo u r changes.
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F ig u re  2 .3  D i f f e r e n t ia l  1985/86 uvby pho tom etry o f BD+1°438l. A l l
b u t th e  V curve  have been o f f s e t  by a r b i t r a r y  c o n s ta n ts . The 
c ro sse s  show th e  V cu rve  f o r  th e  K-C o b s e rv a tio n s .
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I n  an a tte m p t to  re s o lv e  th e  p e r io d  a m b ig u ity  F ig .  2 .4  shows 
s i n e -waves c o v e r in g  th e  tim e  o f  th e  OSN o b s e rv a tio n s  gene ra ted  frcm  
le a s t-s q u a re s  f i t s  w ith  21 .5  and 23 .0 -day  p e r io d s  to  th e  1985 SAAO 
d a ta . The tim e  d if fe re n c e  o f  100 days between th e  m id -d a te s  o f  the  
two s e ts  o f  d a ta  re p re s e n ts  4 .6 5  and 4.34 c y c le s , a phase la g  o f 
0,31 in  th e  2 3 .0 -d a y  p e r io d  ( f u l l  l in e )  to  th e  2 1 .5 -d a y  p e r io d  
(dashed l i n e ) .  C le a r ly  th e  2 1 .5 -d a y  p e r io d  p ro v id e s  a v e ry  poor 
f i t ,  and w h i ls t  th e  2 3 .0 -d a y  p e r io d  i s  to  be p re fe r re d  th e  f i t  i s  
n o t v e ry  s a t is fa c to r y .  The d o tte d  l i n e  in  F ig . 2 .4  re p re s e n ts  th e  
b e s t f i t  from  sweeping a s ine -w ave  th rough  th e  1985 SAAO and OSN 
da ta . T h is  gave a p e r io d  o f  24 .2  days. Any a n a ly s is  o f  th e  l i g h t
cu rve  o f BD+1°4381 f o r  p e r io d ic  behaviour i s  co m p lica te d  i n  th a t  
th e  shape o f th e  l i g h t  cu rve  appears to  be v a r ia b le .  I t  i s  n o t 
p o s s ib le  to  say w he ther any s im i la r  tre n d , i s  p re se n t i n  th e  1984 
SAAO o r 1985 OSN o b s e rv a tio n s .
2 .1 b  DISCUSSION
BD+1°4381 was found  to  be e x trem e ly  h y d ro g e n -d e f ic ie n t  by 
D r i l l i n g  (1 9 7 9 ). He noted  th a t  th e  spectrum o f BD+1°4381 ( D r i l l i n g  
1979) resem bles those  o f th e  EHdBs Ups Sgr and KS P e rs e i. Using 
s a t e l l i t e  and ground-based o b s e rv a tio n s , D r i l l i n g  e t  a l .  (1984a) 
d e r iv e d  an e f f e c t iv e  tem pe ra tu re  o f 9,500^400K f o r  BD+1^4381, 
s im i la r  to  those  f o r  Ups Sgr and KS P e rse i, bo th  o f w h ich  a ls o  show 





■I?The presence o f  c o lo u r  changes concom itan t w ith  th e  l i g h t
3v a r ia t io n s  i s  in d ic a t iv e  o f  tem pe ra tu re  changes and suggests  i |
s t ro n g ly  th a t  th e  s ta r  i s  p u ls a t in g  r a d ia l l y .  By c o n tra s t ,  c o lo u r 
changes have n o t been d e te c te d  i n  th e  two h o t EHe v a r ia b le s ,
BD-9°4395 and HD160641. The v a r ia t io n s  observed i n  these  s ta rs  
have consequen tly  been a t t r ib u te d  to  n o n - ra d ia l p u ls a t io n s  ( J e f fe r y  
e t  a l .  1985, Lyn a s -Gray e t  a l .  1987), where g e o m e tr ic a l
d is t o r t io n s  o f  th e  s t e l l a r  d is k  a t  co n s ta n t tem pe ra tu re  le a d  to
appa ren t b r ig h tn e s s  changes. BD+1°4381 appears to  re p re s e n t a 
s t ra ig h t fo rw a rd  e x te n s io n  o f  r a d ia l  p u ls a t io n  in  RGB s ta rs  
(A lexande r e t a l .  1972) to  h ig h e r tem pe ra tu res . V a r ia b i l i t y  
s tu d ie s  on th e  two c o o le s t  EHe s ta rs ,  LSS 3378 ( D r i l l i n g  1973) and 
LSIV -14°109 ( D r i l l i n g  1979), w ou ld  h e lp  g r e a t ly  i n  d e te rm in in g  th e  
r e a l i t y  o f a P - s e q u e n c e  and th e  r e la t io n  o f  th e  c o o le r  EHe 
s ta r s  to  th e  RGB s ta rs .
A ttem p ts  to  re c o n c ile  th e  v a r io u s  p e r io d  d e te rm in a tio n s  have 
f a i le d  to  y ie ld  a s in g ly - p e r io d ic  l i g h t  cu rve  w h ich  matches th e  
1984 SAAO, 1985 SAAO and 1985 OSN o b s e rv a tio n s  ( th e  1986 SAAO data  
a re  too  few to  be u sab le  in  t h i s  c o n te x t ) .  Some coherence i s  
dem onstrab le  i n  th a t  independen t ana lyse s  o f  bo th  the  1984 and 1985 
SAAO samples g iv e  a p e r io d  o f  21-22 days. However, bo th  o f these  
s tu d ie s  share  th e  d i f f i c u l t y  th a t  the  da ta  s t r in g s  are e i th e r  too  
undersampled i n  c o m b in a tio n  o r too  s h o r t  i n  i s o la t io n  f o r  a p e r io d  
to  be dete rm ined  unam b iguous ly . The fo rm a l u n c e r ta in ty  g iv e n  by 
th e  bandw id th  o f th e  tru n c a te d  s ig n a l sequence i s  a p p ro x im a te ly  *7 
days. The f a i l u r e  to  f in d  a s in g ly - p e r io d ic  model fo r  the  l i g h t
■I
F ig u re  2 .4  D i f f e r e n t ia l  V cu rve  f o r  BD+1^4381. P=23.0 days ( f u l l
l i n e ) ,  P=21.5 days (dashed l i n e ) ,  P=24.2 days (d o tte d  l i n e ) .  See 
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T able  2 .4  P o s it io n s  and mean uvby pho tcm etry  o f  BD~1°3438.
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cu rve  and th e  lo n g e r - te rm  tre n d  i n  th e  1985 SAAO d a ta  noted above 
le a d s  to  th e  c o n c lu s io n  th a t  th e  l i g h t  cu rve  may n o t be co m p le te ly  
re g u la r ,  th e  in c o n s is te n c ie s  i n  th e  e s tim a te s  o f th e  p e r io d  ow ing 
them se lves to  r e a l i r r e g u la r i t i e s  i n  th e  p e r io d . There i s  no 
d i f f i c u l t y  w ith  such a c o n c lu s io n  s in ce  s t r i c t l y  re g u la r  
o s c i l la t io n s  a re  a n t ic ip a te d  by n e ith e r  p re v io u s  o b s e rv a tio n s  o f  
h ig h ly  lum inous  h e liu m  s ta r s  (e .g .  Ups S gr: Chap. 3 ; RY S gr: 
A lexander e t  a l .  1972) no r by th e o ry  ( " p u ls a t io n s  in  h ig h  
lu m in o s ity  s ta r s  a re  e x tre m e ly  n o n r-a d ia b a tic " : S a io  1986). Such an 
in t e r p r e t a t io n  may a ls o  be u s e fu l in  e x p la in in g  th e  l i g h t  cu rve  o f 
BD-1°3438 p resen ted  i n  S ec t. 2 .2 .
2 .2  BD-1°3438
2 .2 a  OBSERVATIONS
P h o to m e tr ic  uvby o b s e rv a tio n s  o f BD-1°3438 and i t s  com parison 
(BD-1°3435) and check (BD-0^3406) s ta r s  were made a t  SAAO w ith  th e  
0 .5 -m  te le sco p e  on 26 n ig h ts  d u r in g  a 41-day p e r io d  i n  1985 
A p r il-J u n e  by th e  w r i t e r  and D rs P.W. H i l l  and C. S. J e f fe r y .  
A d d it io n a l o b s e rv a t io n s  o f  BD-1 ^3438 were ob ta in ed  a t  OSN w ith  a 
0 .75 -m  te le s c o p e  i n  1985 August on 6 n ig h ts  d u r in g  a 9 -day p e r io d  
by th e  w r i t e r  and Mr G. P. H. W i l l in g a le .  Only d i f f e r e n t i a l  
m agnitudes and c o lo u rs  i n  th e  s tandard  system a re  g iv e n  from  th e  
OSN o b s e rv a tio n s .
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T ab le  2 . 5  The uvby photcmetry of  BD-1°3438.
H. J . D. Comparison V a r i a b l e  - Comparison Check - Comparison
-2#bOOO V ( b - y ) ( v - b ) u -b ) V ( b - y ) ( v - b )  ( u - b ) V ( b - y ) ( v - b ) ( u - b )
181.497 7 . 9 6 3 0 .1 52 0 . 2 2 0 .374 2 .321 0 . 2 4 4 0 .19 7  - 0 .291 2 .5 53 0 .137 0 .137 0 .4 13
181.635 7 . 9 6 3 0 . 1 54 0 . 2 16 .370 2 . 3 24 0 . 2 36 0.191 - 0 . 3 0 2 2 .557 0 .134 0 . 1 23 0 .371
182.460 7 . 9 66 0 .157 0 .217 .366 2 . 3 5 4 0 . 2 26 0 ,19 5  - 0 .291 2 . 5 40 0 . 1 3 2 0 .1 38 0 . 3 95
182.544 7 . 9 6 3 0 . 1 48 0 . 2 20 .370 2 . 3 50 0 .2 43 0 . 1 98  - 0 . 2 9 2
18 2 .562 7 .9 65 0 . 1 49 0 . 2 20 .372 2 .3 52 0 . 2 38 0 .1 98  - 0 . 2 8 7 2 . 5 59 0.131 0 . 1 44 0 . 4 1 5
182.640 7 . 9 6 2 0.151 0 ,2 16 .366 2 .3 45 0 .231 0 .196  - 0 .2 96 2 .5 54 0 . 1 35 0.131 0 . 4 1 9
185.429 7 . 9 7 2 0 . 1 48 0 .2 17 .354 2 .3 27 0.221 0 .1 84  - 0 . 3 20 2 . 5 3 2 0 .1 08 0 . 1 15 0 . 3 8 5
185.657 7 . 9 68 0 . 1 5 2 0 .2 19 .373 2 .343 0 . 2 28 0 .197 - 0 . 3 0 4 2 .561 0 . 1 4 4 0 .1 36 0.391186.602 7 . 9 6 4 0 . 1 53 0 .2 16 .367 2 .357 0 .227 0 .195 - 0 . 3 1 2 2 .54 6 0 .1 26 0 .139 0 . 3 9 4
187.598 7 . 9 6 4 0 . 1 5 4 0 . 2 17 .370 2 . 3 42 0 . 2 45 0 . 1 94  - 0 . 3 1 5 2 . 5 4 4 0 . 1 38 0.131 0 . 3 7 4
187.650 7 . 9 7 3 0.151 0 . 2 17 .374 2 .361 0 . 2 25 0.191 - 0 . 3 0 4 2 .5 47 0 .1 28 0 .1 36 0 . 4 0 9
191.561 7 . 9 7 2 0 . 1 55 0.221 .377 2 .346 0 . 2 2 4 0 . 2 1 2  - 0 . 2 75
191.631 7 . 9 75 0 . 1 54 0 . 2 1 4 .369 2 .3 53 0 .2 40 0 . 2 0 4  - 0 . 2 4 7
193.483 7 .961 0 .15 3 0 . 2 15 .366 2 .3 86 0 .25 3 0 .2 08  - 0 . 2 5 6
193.534 7 . 9 63 0.151 0 . 2 1 4 .372 2 .3 77 0 . 2 3 2 0.201 - 0 . 2 4 7 2 .543 0.151 0.121 0 . 4 1 2
194.411 7 .951 0 . 1 5 2 0 .20 7 .342 2 . 3 5 2 0 .2 43 0 .1 90  - 0 . 2 9 9
194.506 7 .9 65 0 .1 50 0 . 2 1 5 .369 2 . 3 5 0 0 .2 34 0 .19 3  - 0 . 2 8 9 2 .5 46 0 .147 0 .1 20 0 .391
194.537 7 .9 65 0 .1 50 0 . 2 15 .367 2 .3 54 0 . 2 3 5 0 . 2 0 3  - 0 . 2 8 3 2 .5 53 0 . 1 29 0 . 1 20 0 . 3 9 0
195.461 7 . 9 5 9 0 . 1 55 0 . 2 1 5 .380 2 .3 75 0 .231 0 .20 3  - 0 .2 90 2 .5 55 0 . 1 3 5 0 . 1 2 2 0 . 3 7 4
195.489 7 . 9 7 2 0 .1 55 0 . 2 13 .377 2 .353 0 .23 3 0 .2 00  - 0 .2 90 2 .5 43 0 .1 36 0 . 1 35 0 . 3 90
197.433 7 . 9 67 0 .1 55 0 . 2 16 .373 2 . 3 7 3 0 . 2 2 4 0 . 1 99  - 0 .297 2 . 5 5 9 0 . 1 1 2 0 .147 0.391
197.457 7 .9 71 0.151 0.221 .373 2 . 3 77 0.221 0 .19 3  - 0 .2 94 2 . 5 6 4 0 . 1 1 2 0 .1 27 0 .3 76
197.483 7 . 9 6 4 0 . 1 5 2 0 . 2 17 .368 2 . 3 7 7 0 . 2 25 0 .193  - 0 .2 90 2 . 5 4 4 0 . 1 2 9 0 . 1 4 2 0 . 3 84
197.508 7 . 9 6 3 0 .1 50 0 . 2 17 .369 2 . 3 7 0 0 . 2 36 0 .197  - 0 .293 2 .5 45 0 . 1 2 8 0 .14 3 0 .39 4
197.530 7 . 9 65 0 . 1 48 0 . 2 1 6 .369 2 . 3 77 0 . 2 3 0 0 .19 7  - 0 . 2 8 8 2 .5 50 0 .121 0 . 1 37 0 . 3 9 9
198.411 7 . 9 5 8 0 . 1 50 0 . 2 17 .371 2 . 3 7 9 0 . 2 2 5 0 . 2 0 4  - 0 .271 2 .5 64 0 . 1 16 0 .12 6 0 . 4 00
198.434 7 . 9 5 9 0.151 0 . 2 16 .373 2 . 3 76 0 .227 0 .19 9  -0 .2 8 1 2 . 5 62 0 . 1 15 0 . 1 39 0 . 4 0 2
198.457 7 .961 0 . 1 48 0 . 2 20 .376 2 .3 79 0 . 2 3 3 0 .19 7  - 0 .2 94 2 . 5 6 2 0 . 1 2 2 0 . 1 40 0 . 3 9 4
198.482 7 . 9 6 0 0 . 1 49 0 .2 19 .372 2 . 3 7 0 0 .238 0 . 1 94  - 0 . 2 8 0 2 .5 44 0 . 1 29 0 .1 39 0 .3 96199.486 7 .961 0 . 1 54 0 . 2 16 .372 2 . 3 4 4 0 . 2 2 2 0 . 2 06  -0 . 28 1 2 .5 70 0 .1 10 0 . 1 4 0 0 .383
199.509 7 . 9 6 4 0 . 1 5 2 0 . 2 18 .369 2 . 3 4 4 0 . 2 3 2 0 .1 90  - 0 . 2 9 3 2 .5 52 0 . 1 3 2 0 . 1 3 2 0 .38 5
199 .535 7 . 9 7 0 0 .150 0 . 2 1 5 .369 2 . 3 40 0 . 2 33 0 .1 94  - 0 . 2 8 5 2 . 5 4 8 0 . 1 3 0 0 .1 38 0.381
20 0 .40 4 7 . 9 59 0 . 1 5 4 0 . 2 13 .369 2 .3 39 0 .2 26 0 . 2 0 2  - 0 .2 95 2 . 5 54 0 .1 37 0 .137 0 .3 80200 .426 7 .961 0 .153 0 . 2 15 .369 2 . 3 37 0 . 2 28 0 .1 97  - 0 . 3 0 0 2 .555 0 .1 26 0 . 1 29 0 . 3 89
20 0 .4 49 7 . 9 64 0 . 1 50 0 . 2 17 .371 2.331 0 .2 38 0 .1 97  - 0 . 2 9 8 2 .543 0 .137 0 .1 33 0 . 3 85
200 .471 7 . 9 65 0 . 1 50 0 .2 17 .372 2 .3 37 0 .2 36 0 .19 0  - 0 . 2 9 5 2 .557 0 .116 0 .143 0 . 4 05
2 0 0 .4 88 7 . 9 6 2 0 .1 53 0 .218 .374 2 . 3 37 0 .2 34 0 .1 93  - 0 . 3 0 4
201 . 40 0 7 . 9 64 0 . 1 49 0 . 2 1 4 .370 2 .357 0 .2 34 0 .1 95  - 0 . 2 9 8 2 . 5 38 0 .1 33 0 .1 43 0 . 3 8 8
20 1 .423 7 . 9 6 3 0 . 1 50 0 . 2 1 3 .371 2 .364 0 . 2 33 0 .1 96  - 0 . 2 9 2 2 .557 0 .118 0 .141 0 . 3 9 0
20 1 .445 7 .961 0 . 1 52 0 . 2 1 5 .368 2 .3 56 0 ,234 0 .201 - 0 . 2 8 8 2 .546 0 .138 0 . 1 38 0 . 3 8 9
201 . 46 8 7 .9 61 0 . 1 48 0 . 2 1 6 .372 2 .36 4 0 . 2 2 9 0 . 2 0 2  - 0 . 2 8 3 2 . 5 54 0 .1 25 0.141 0 . 3 9 9
201 . 49 0 7 . 9 59 0 . 1 48 0 . 2 17 .376 2 .361 0 . 2 3 2 0 .1 89  - 0 . 2 8 7 2 .546 0.127 0 . 1 44 0 .4 01
202.407 7 .9 68 0 . 1 50 0 . 2 17 .375 2 .3 46 0 .239 0 . 1 9 2  - 0 . 3 0 4 2 .5 39 0 .1 52 0 .121 0 . 3 7 0
20 2 .4 30 7 . 9 6 0 0 .153 0 .2 17 .373 2 .346 0 .2 37 0 .1 90  - 0 . 3 0 3 2 . 5 5 2 0 .1 28 0 . 1 35 0 .381
2 0 2 .4 52 7 . 9 6 0 0 . 1 50 0 . 2 18 .374 2 . 3 4 4 0 . 2 3 5 0 .1 98  - 0 . 2 9 6 2 .5 50 0 .131 0 .1 40 0 . 3 7 5
202 . 47 4 7 .9 61 0.151 0 . 2 16 .373 2.341 0 .2 37 0 . 1 9 2  - 0 . 3 0 0 2.541 0 .136 0 . 1 34 0 . 3 86
202.497 7 . 9 6 0 0 .1 50 0 . 2 13 .372 2 . 3 42 0 .2 33 0 .1 98  - 0 . 2 9 4 2 .5 39 0 . 1 35 0 . 1 4 2 0 . 4 0 6
20 3 .428 7 . 9 6 0 0.151 0 .2 16 .369 2 . 3 33 0 . 2 28 0 .1 97  - 0 .2 95 2 . 5 56 0 .123 0 . 1 36 0 . 3 8 9
203.451 7 . 9 6 0 0.151 0 .2 16 .369 2 .3 27 0 .2 25 0 . 2 0 0  - 0 .2 90 2 . 5 45 0 .127 0 . 1 4 4 0 . 3 86
203 . 47 4 7 . 9 5 8 0.151 0 . 2 1 5 .368 2 . 3 2 8 0 . 2 3 3 0 .2 05  - 0 .2 97 2 . 5 59 0 . 1 15 0 . 1 3 6 0 . 4 07
203.497 7 . 9 5 8 0 .151 0 .2 16 .366 2 . 3 2 3 0 . 2 35 0 . 1 9 4  - 0 .2 98 2 . 5 49 0 . 1 25 0 .131 0 . 3 97
20 3 .520 7 . 9 5 8 0 . 1 5 2 0 .211 .362 2 .3 27 0 .2 28 0 . 2 0 2  - 0 . 2 8 7 2 .5 44 0 . 1 30 0 .1 38 0 . 3 9 9
20 3 . 54 4 7 . 9 6 0 0 . 1 48 0 . 2 1 0 .364 2 .3 18 0 . 2 45 0 . 1 9 9  - 0 .301 2 . 5 48 0 .1 26 0.141 0 . 4 0 4
20 5 .3 7 9 7 . 9 5 4 0 . 1 5 4 0 . 2 1 3 .365 2 . 3 25 0 .231 0 .186  - 0 . 3 3 0 2 .546 0 .134 0 .1 40 0 .38 0
20 5 . 40 2 7 . 9 6 4 0 . 1 50 0 .221 .375 2 . 3 3 0 0 .221 0 .1 90  - 0 .3 17 2 .551 0 .1 33 0 .127 0 . 3 8 5
205 . 42 5
20 5 .4 4 8  
205.471  
20 5 .494  
20 5 ,516  
205 . 53 9  
20 5 .5 62  
20 9 .405  
209 . 43 2  
20 9 .474  
209.497  
21 0 .394  









21 1 .43 6  
21 1 .463
211 .487  
211 .508
21 1 .609  
21 1 .63 2
212.448





21 4 .6 15  
214 . 63 3  
21 5 .368  
215.390  
21 5 .4 12  
215.440  
215 .461  
215 .486
215.587  
21 5 .608  
215 . 62 9
216.447
21 6 .468  
215 .489  
21 6 .59 2  
21 6 .62 0  
21 6 .637  
2 1 7 . 35 8  
217 .379  
21 7 .3 99  
217.427
21 7 .4 48
217.469  
217.561  
21 7 .584  
217.606  
217.623
7 . 9 65  0
7 . 9 69  0 
7 .9 71  0
7 . 9 7 3  0
7 . 9 7 7  0 
7.982  0
7 .981 0
7 . 9 7 4  0
7 . 9 7 4  0
7 . 9 68  0
7 . 9 6 7  0
7 . 9 6 3  0 
7 .9 56  0
7 . 9 61  0
7 . 9 6 3  0
7 . 9 6 2  0
7 . 9 6 4  0
7 . 9 6 3  0
7 . 9 6 7  0
7 . 9 65  0
7 . 9 6 5  0
7 .961  0
7 . 9 5 8  0
7 . 9 5 8  0
7 . 9 65  0
7 . 9 7 0  0
7 . 9 7 0  0 
7 .9 85  0
7 .981 0 
7 . 9 8 3  0
7 . 9 5 9  0
7 . 9 6 3  0
7 . 9 6 2  0 
7 .9 55  0
7 . 9 6 2  0
7 . 9 6 2  0
7 . 9 6 4  0
7 . 9 63  0
7 .9 61  0
7 . 9 6 6
7 . 9 67
7 .9 69
7 . 9 66
7 . 9 69  0.
7 . 9 6 2  0.
7 . 9 6 3  0.  
7 .96 1  0.
7 . 9 6 6  0 .
7 .971  0.
7 . 9 7 3  0.
7 . 9 65  0 .
7 . 9 7 7  0.
7 .9 71  0.
7 . 9 70  0.
7 . 9 7 5  0 .
7 . 9 7 3  0.
7 . 9 75  0 .
7 . 9 78  0 .
7 . 9 7 9  0 .
7 . 9 7 2  0.
.153 0 .2 18  
. 154 0 . 2 2 0  
. 158  0 .221  
. 158 0 .2 19  
.157 0 .2 19  
.156 0 .2 20  
.157 0 .2 19  
. 148  0 .2 19  
. 152 0 . 2 1 4  
.151 0 . 2 16  
. 148  0 . 2 17  
. 155  0 . 2 19  
. 155 0 . 2 2 2  
.151 0 .2 17  
. 154 0 . 2 1 5  
. 154 0 . 2 1 5  
.149 0 . 2 1 4  
.153 0 .2 08  
.151 0 .2 08  
.156 0 . 2 1 0  
.150 0 . 2 13  
. 149 0 . 2 1 5  
. 152 0 . 2 1 3  
.151 0 . 2 15  
. 148 0 .2 19  
. 155 0 . 2 1 7  
. 155 0.218.  
. 153 0 .2 16  
. 162 0 . 2 19  
. 160  0 .221  
.153 0 .2 17  
.150 0 . 2 18  
.150 0 . 2 1 7  
. 158 0 . 2 1 5  
.154 0 . 2 1 3  
. 149 0 .2 18  
. 150 0 . 2 18  
.154 0 . 2 14  
.156 0 . 2 1 5  
.151 0 . 2 1 5  
.147 0 . 2 20  
.149 0 . 2 17  
.151 0 . 2 1 4  
.152 0 . 2 14  
.156 0 .2 13  
.156 0 .2 14  
.158 0 . 2 1 5  
.148 0 . 2 18  
.143 0 . 2 2 0  
.146 0 . 2 10  
.157 0 . 2 0 3  
147 0 .2 13  
152 0 .211
147 0 .2 16  
150 0 . 2 0 8
148 0 . 2 1 4  
150 0 . 2 1 5  
152 0 .211  
152 0 . 2 1 3  






























































2 .3 23  
2.328
2 . 3 2 4
2 . 3 2 4
2 . 3 2 4  
2.321 









2 . 3 40  
2 .3 39
2 . 3 52
2 . 3 17
2 .3 10  
2 . 3 1 2  
2 .321  
2 .321  
2 . 3 14
2 . 3 17
2 . 3 25  
2 .30 7  
2.301
2 .31 1
2 . 3 5 8
2 .3 59




2 . 3 4 5
2 .3 48
2 . 3 4 5
2 . 3 3 8
2 . 3 38
2 .3 39  
2 . 3 4 4  
2 . 3 3 3  
2 .331
2.326
2 . 3 2 9  
2.321
2 .3 27  
2 . 3 2 3
2 . 3 3 0
2 . 3 27
2 . 3 3 7
2 . 3 37  
2.326  
2.326
2 .32 7  
2.320  
2 . 3 2 9
2 . 3 1 2
0.238
0 .230
0 . 2 26
0 . 2 2 9
0 .226
0 . 2 2 9









0 . 2 2 5




0 . 2 3 7
0 . 2 33
0.226
0 . 2 2 8
0 . 2 35
0 .231
0 . 2 2 5
0 . 2 3 7
0 . 2 2 2
0.220
0 . 2 19
0 . 2 2 5
0 . 2 28
0 . 2 2 4
0 . 2 15
0 . 2 2 9
0 .2 27
0 . 2 2 4
0.220
0 . 2 3 0
0 . 2 3 0
0 . 2 23
0 . 2 2 4
0 . 2 2 8
0 . 2 23
0 . 2 29
0 . 2 19
0 .228
0 . 2 3 3










0 . 2 1 5
0 .1 85
0 .19 0
0 . 1 90
















0 . 1 9 4
0 . 1 98
0 .1 94
0 .1 94
0 . 1 94
0 .191
0 . 1 88
0 . 1 95
0 . 1 9 0




0 . 1 84
0 . 1 89
0 .19 3
0 . 1 84









0 . 1 93
0 . 2 0 6




0 . 1 8 9
0 .1 93
0 . 1 79




0 . 1 9 8
0 . 1 8 8
- 0 . 3 2 5  
- 0 . 3 16  
- 0 . 3 1 5  
- 0 . 3 1 7  
- 0 . 3 08  
- 0 . 3 1 0  
- 0 . 3 1 2  
- 0 . 3 0 4  
- 0 . 3 0 4  
- 0 . 3 1 4  
- 0 . 2 9 8  
- 0 . 3 2 4  
- 0 . 3 2 3  
- 0.321  
- 0 . 3 1 8  
- 0 . 3 0 8  
- 0 . 3 1 1  
- 0 . 3 2 3  
- 0 . 3 1 4  
- 0 . 3 2 0  
- 0 . 3 1 9  
- 0 . 3 2 3  
- 0 . 3 1 7  
- 0 . 3 2 4  
- 0 . 3 1 4  
- 0 .3 20  
- 0 . 3 1 8  
- 0 . 3 3 0  
- 0 . 3 1 6  
- 0 . 3 1 3  
- 0 . 3 0 2  
- 0 . 3 0 1  
- 0 . 3 1 4  
- 0 . 3 1 1  
- 0 . 3 1 1  
- 0 . 2 9 2  
- 0 . 2 9 5  
- 0 .301  
- 0 . 2 9 5  
- 0 . 3 0 9  
- 0 .3 06  
- 0 .2 96  
- 0 . 3 0 0  
- 0 . 2 98  
- 0 . 2 9 9  
—0 .30 8  
- 0 .2 9 1  
- 0 . 3 0 4  
- 0.301  
- 0 . 3 0 9  
- 0 . 3 0 7  
- 0 . 3 20  
- 0 . 3 2 4  
- 0 . 3 0 5  
- 0 . 3 1 9  
- 0 . 3 0 2  
- 0 . 3 0 5  
- 0 . 2 98  
- 0 . 3 1 3  
- 0 . 3 2 3
2 . 5 4 9  0 
2 . 5 4 4  0
2 .5 43  0
2.551 0
2 .5 47  0 




2 . 5 59
2 . 5 42
2 . 5 54  0
2 .5 58  0
2 . 5 60  0
2 .547 0
2 .547  0 
2 .5 35  0
2 .5 42  0
2 . 5 49  0
2 . 5 3 2  0 
2 .538  0
2 .5 55  0
2 . 5 42  0 
2 .5 40  0
2 . 5 44  0 
2 . 5 6 7  0 
2 .5 75  0
2 .55 0
2 .5 50
2 .5 59  
2 .557  
2 . 5 54  0
2.560  0









.122 0 . 
.138 0. 
.123 0. 
.124 0.  
.135 0, 
,131 0. 






,115 0.  
131 0.  
.143 0.  
,137 0. 
113 0. 
,125 0.  
122 0 . 





2 .561  0. 
2 .5 57  0, 
2 .5 63  0. 
2 . 5 4 8  0.
2 .547  0. 
2 .5 42  0.
2 .550  0.
2 .5 54  0.
2 .5 50  0.  
2 . 5 6 0  0.
2 .5 54  0.
2 . 5 48  0.
2 . 5 5 4  0.  















2 .5 50  0 
2 .5 39  0 
2 . 5 67  0 
2 .5 57  0 
2 .5 50  0 
2 . 5 42  0 
2 . 5 5 2  0 









.139 0 . 3 94  
,142 0 . 3 88  
,131 0 .3 88  
,128 0.381  
,136 0 . 3 9 9  
,129 0 . 3 9 2  
,131 0 .411  
,145 0 .401  
,139 0 .411  
,130 0 .3 97  
,133 0 .3 84  
,134 0 .41 1 
,139 0 .391  
,127 0 .4 00  
.138 0 . 3 7 6  
,139 0.391  
,132 0 .39 3  
,138 0 .3 86  
,128 0.391
,151 0 .3 94  
,146 0 .397  
,148 0 . 4 0 8  
,139 0 .3 97  
,126 0 .3 94  
,133 0 .390  
142 0 . 4 1 2  
,141 0 .3 75  
139 0 .3 94  
,134 0 .3 76  
,128 0 .4 17  
,145 0 . 4 3 0  
,127 0 .385  
,125 0 . 4 00
.133 0 . 4 3 2  
.133 0 . 4 16  
.142 0 .411  
.406 0 .3 92  
.135 0 .3 66  
.146 0 .4 02  
.148 0 . 4 10  
,137 0 .40 6  
.141 0 .393  
.150 0 .401  
.132 0 .38 3  
.149 0 . 4 2 6  
.124 0 . 3 85  
.129 0 .4 08
.156 0 .397  
.135 0 .386  
.130 0 . 4 05  
.126 0 . 4 1 2  
.155 0 .4 18  
.148 0 .3 89  
.142 0 .37 9  
.144 0 .401
2 .5 34  0 .1 09  0 .146  0 .379
21 0 .3 56 7 . 9 5 8 0 . 1 6 2 0 .2 19 1 .372 2 .3 16 0 .22 3 0 .1 73  - 0 . 3 2 6 2 . 5 63 0 .13 4 0 . 1 2 8 0 .41 9
210 . 38 4 7 . 9 6 2 0 .157 0 .2 15 1 .373 2 . 3 23 0 .218 0 . 1 88  - 0 . 3 1 4 2 . 5 6 4 0 . 1 2 4 0 . 1 17 0 .4 0521 0 .406 7 . 9 6 6 0 .1 49 0 . 2 2 2 1 .377 2 .311 0 .23 6 0 .19 0  - 0 . 2 9 4 2 . 5 5 2 0 . 1 2 8 0 .1 19 0 . 4 0 0
21 0 .439 7 .9 63 0 .153 0 . 2 2 2 1 .372 2 .3 13 0 .23 8 0 .18 3  - 0 . 3 1 1 2 .561 0 . 1 15 0 . 1 53 0 .4 15
210 . 46 3 7 . 9 6 3 0 . 1 54 0 .221 1.371 2 . 3 2 2 0 . 2 2 2 0 .19 7  - 0 . 3 1 5
210.487 7 .9 63 0 . 1 52 0 .221 1 .378 2 . 3 2 2 0 . 2 2 4 0.181 - 0 . 3 0 5 2 . 5 5 4 0 .1 40 0 . 1 35 0 .3 95
21 0 .567 7 .9 64 0 .1 53 0 .2 20 1 .373 2 . 3 17 0 . 2 28 0 .186  - 0 . 3 2 9 2 . 5 4 0 0 .1 33 0 .131 0 . 4 1 4
210.593 7 . 9 6 0 0 .156 0 .2 14 1.371 2 . 3 16 0.221 0 .196 -0 . 3 3 1 2 .556 0 .109 0.151 0 . 4 1 0
2 1 0 . 6 l y 7 .961 0 . 1 54 0 .2 16 1.369 2 . 3 1 4 0.241 0 .1 92  - 0 .3 27 2.551 0 .11 3 0 .1 07 0 . 3 90
21 9 .407 7 . 9 68 0 .1 55 0 . 2 1 5 1 .368 2 . 3 1 5 0 . 2 2 4 0 .2 00  - 0 .296 2 . 5 4 8 0 .15 6 0 .1 36 0 . 3 99
219 . 43 3 7 . 9 69 0 .1 53 0 .2 14 1 .367 2 . 3 28 0 . 2 34 0.181 - 0 . 2 9 5 2 . 5 5 9 0 . 1 19 0 . 1 4 4 0 . 4 00219 . 46 0 7 . 9 64 0 .156 0 .2 16 1 .372 2 . 3 2 2 0 .221 0 .1 94  - 0 .3 03 2 . 5 76 0 .1 03 0 .1 50 0 . 3 67
219.493 7 . 9 6 4 0 . 1 54 0 . 2 1 5 1 .376 2 . 3 3 0 0 .227 0 .18 2  - 0 .3 17 2 . 5 48 0 .1 50 0 . 1 3 5 0 . 3 6 0
219.580 7 . 9 65 0 .1 49 0 . 2 18 1 .377 2 . 3 15 0 . 2 14 0 .2 16  - 0 .3 07
219.607 7 .9 69 0 .1 52 0 .2 19 1 .379 2 . 3 17 0 . 2 24 0.181 - 0 .2 96 2 . 5 67 0 . 1 30 0 .1 23 0 . 3 62
22 0 .468 7 . 9 6 2 0 .156 0 . 2 20 1.383 2 . 3 40 0 . 2 2 4 0 .1 99  - 0 .3 20 2 . 5 54 0 . 1 38 0 . 1 05 0 . 3 84
220.493 7 . 9 66 0 .1 50 0 .2 19 1 .378 2 .331 0 . 2 23 0 .2 06  - 0 .311 2 .5 65 0 . 1 10 0 . 1 5 9 0 . 4 0 3220.584 7 . 9 5 9 0 . 1 5 4 0 . 2 1 5 1 .379 2 . 3 36 0 .231 0 .1 85  - 0 . 3 00 2 .561 0 .147 0 .1 13 0.381220 . 61 0 7 . 9 67 0.151 0 . 2 15 1.379 2 . 3 4 4 0 .2 18 0 . 2 0 9  - 0 . 3 26
221.468 7 . 9 66 0 . 1 58 0 . 2 2 2 1 .388 2 .341 0 . 2 24 0 . 1 9 9  - 0 . 3 20 2 .553 0 .137 0 . 1 0 5 0 .3 84
221.493 7 . 9 68 0 .151 0.221 1 .382 2 . 3 3 2 0 .2 23 0 .2 06  - 0 .311 2 . 5 66 0.111 0 . 1 5 9 0 .4 03221 .584 7 . 9 5 9 0 . 1 55 0 . 2 1 4 1 .378 2 . 3 36 0 . 2 3 2 0 .1 86  - 0.301 2 .561 0 .147 0 .1 47 0 .3 80
22 1 .610 7 . 9 6 6 0.151 0 . 2 14 1 .374 2 . 3 4 4 0 .2 18 0 . 2 0 9  - 0 . 3 2 6
298.414 2 .3 26 0 .226 0 .196  - 0 .2 95
2 9 8 .4 24 2 . 3 4 2 0 .2 25 0 .1 85  - 0 .3 03 2 .54 9 0 . 1 2 8 0 .1 43 0 . 4 1329 8 .44 2 2 . 3 4 4 0 .22 6 0 . 1 92  - 0 . 3 1 2
29 8 .448 2 . 3 3 6 0 . 2 13 0 . 1 92  - 0 . 3 1 8
29 9 .468 2 . 3 1 9 0 . 2 3 0 0 .1 84  - 0 . 3 1 2 2 .546 0 .1 25 0 .131 0 .38729 9 .478 2 . 3 0 8 0 .2 26 0 .1 94  - 0 . 3 1 7 2 . 5 3 2 0 .139 0 . 1 3 3 0 . 3 98
299 .487 2 . 3 1 2 0 .2 16 0 .2 03  - 0 . 2 95 2 .5 47 0 . 1 2 4 0.141 0 . 4 1 0
299 .494 2 . 3 2 6 0 .2 10 0 . 2 0 0  - 0 .293
300 .438 2 . 3 4 2 0 . 2 29 0 .1 90  - 0.291
300 .449 2 . 3 4 9 0 .21 9 0 . 1 82  - 0 . 2 9 4 2 .5 34 0 . 1 2 8 0 . 1 3 8 0 . 4 04
300 . 45 9 2 . 3 3 5 0 . 2 15 0 .19 6  - 0 . 2 8 5 2 .5 50 0 .1 16 0 . 1 25 0 . 4 03
30 1 .437 2 .3 53 0 . 2 20 0 . 1 99  - 0 . 2 9 7 2 .5 58 0 .1 16 0 . 1 35 0 . 4 0 2301.446 2 . 3 40 0 .2 35 0 .1 90  - 0 . 2 8 6 2 .5 42 0 .1 34 0 . 1 2 9 0 .40 7
301 .456 2 .3 68 0 . 2 19 0 . 1 99  - 0 . 2 9 8 2 . 5 55 0 . 1 3 2 0 . 1 2 8 0.391
304,475 2 . 3 2 0 0 . 2 2 2 0 .186  - O .308
30 4 .489 2.341 0 . 2 40 0 . 1 63  - 0 . 3 2 6
306 .437 2 . 3 3 0 0 .2 34 0 .1 87  - 0 . 3 1 3 2 . 5 52 0 . 1 24 0 . 1 3 2 0 .397306.446 2 . 3 4 0 0.221 0 .197  - 0 . 2 9 7 2 .5 39 0 .1 33 0 .140 0 . 4 09
306 . 45 5 2 .351 0 .221 0 .1 80  - 0 .3 20 2 .546 0 .136 0 .1 29 0 .3 8330 6 .4 6 4 2 . 3 6 0 0 .2 25 0 .1 97  - 0 . 3 19 2 . 5 49 0 . 1 3 2 0 . 1 44 0 . 4 0 3
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D e ta i ls  o f  th e  programme s ta r s  a re  g iv e n  in  T ab le  2 .4 .  The
o b s e rv a tio n s  a re  ta b u la te d  i n  Tab le  2 .5 ,  from  w h ich  the  mean uvby
m agnitudes and c o lo u rs  o f  Table  2 .4  a re  d e r iv e d . The mean (b -y )  
and c^ c o lo u rs  f o r  th e  check s ta r  BD-0^3406 were in c o r r e c t ly  g iv e n  
by J e f fe r y  e t  a l . (1 9 8 6 ). BD-1°3438 showed a v a r ia t io n  i n  V o f 0 .08
mag d u r in g  th e  p e r io d  o f  the  o b s e rv a tio n s . S m a lle r-a m p litu d e
v a r ia t io n s  a re  appa ren t in  (u -b ) ,  w h i ls t  ar^r v a r ia t io n s  i n  (b -y )  
and (v -b )  a re  com parable to  th e  s c a tte r  in  th e  d a ta . A lthough  the  
d i f f e r e n t i a l  pho tom etry  o f BD-1°3438 (F ig .  2 .5 )  appears i r r e g u la r  
and d is p la y s  much s c a t te r ,  p a r t i c u la r ly  when th e  moon was b r ig h t ,  a 
v is u a l  in s p e c t io n  o f the  b e s t-d e fin e d  p a r t  o f  th e  l i g h t  cu rve  
(JD 2446190-221) in d ic a te s  maximum changes i n  b r ig h tn e s s  on a
t im e s c a le  o f about 5 -8  days.
2 .2 b  DISCUSSION
BD-1^3438 was id e n t i f ie d  as a member o f th e  EHe s ta r s  frcm  
b lu e  o b je c t iv e  p rism  p la te s  o b ta in e d  w ith  th e  C u r t is  Schm idt 
te le s c o p e  a t  C erro  T o lo lo  by MacConnell e t  a l .  (1 9 7 2 ), who noted 
th e  s im i la r i t y  o f i t s  spectrum  to  those  o f th e  EHe s ta r s  HD124448 
and HD168476. Schonberner (1978) la t e r  e s tim a te d  n ^ ;n ^ ^  ^  10*"^ 
from  a s p e c tro s c o p ic  f in e  a n a ly s is  o f  th e  s ta r .  D r i l l i n g  e t  
a l .  (1984a) d e r iv e d  an e f fe c t iv e  tem pe ra tu re  o f 10,900*400K. 
L a n d o lt  (1986a; W alker & K ilk e n n y  1981) f i r s t  re p o r te d  th a t  
BD-1^3438 m ig h t be v a r ia b le  from  o b s e rv a tio n s  d is c re p a n t w ith  th e  
d is c o v e ry  m agnitudes and c o lo u rs  quoted by M acConnell e t  
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F ig u re  2,5 D i f f e r e n t ia l  uvby pho tc tne try  o f BD-1°3^38. A l l  bu t th e  
V cu rve  have been o f f s e t  by a r b i t r a r y  c o n s ta n ts . The c rosses  show 
th e  V cu rve  f o r  the  K-C o b s e rv a tio n s .
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The presence o f c o lo u r  changes i n  F ig . 2 .5  suggests  s tro n g ly  
th a t  the  s ta r  i s  p u ls a t in g  r a d ia l l y  ra th e r  tha n  n o n - r a d ia l ly .  
A lthough  BD+1°4381 and BD-1°3438 have s im i la r  e f f e c t iv e  
tem pe ra tu res , th e  fo rm e r s ta r  has a much lo n g e r p u ls a t io n  p e r io d  o f  
about 21 days. The p e r io d  observed f o r  BD+1°4381 can be understood  
as r a d ia l  p u ls a t io n  o f  th e  s ta r  i n  th e  fundam enta l mode (S a io
1986). However, S a io  f in d s  th a t  BD-1°3438 l i e s  o u ts id e  th e  
i n s t a b i l i t y  re g io n  f o r  p u ls a t io n  i n  th e  fundam enta l mode, and th a t  
i t s  p e r io d  i s  c o n s is te n t  w ith  r a d ia l  p u ls a t io n  o f  th e  s ta r  in  th e  
f i r s t - o v e r to n e  mode.
2 .3  LSIV-.1^2
2 .3 a  OBSERVATIONS
Strom gren o b s e rv a tio n s  o f  LS IV -1°2  were o b ta in e d  on 10 n ig h ts  
a t  th e  OSN w ith  a 0 .75 -m  te le sco p e  d u r in g  a 12-day p e r io d  in  1985 
August by the  w r i t e r  and Mr G .P .H .W ill in g a le .  In te g r a t io n  tim e s  
were chosen so th a t  co un ts  th rough  th e  y - f i l t e r  were a p p ro x im a te ly  
2 0 (V r ) ,  50(C) and 300(K) thousand. O nly d i f f e r e n t ia l  m agnitudes
and c o lo u rs  i n  th e  s ta n d a rd  system a re  p resen ted . Comparison and 
check s ta r  d e ta i ls  f o r  LS IV -1°2  a re  g iv e n  below.
Table  2 .6  D i f f e r e n t ia l  uvby pho tcm etry  o f L 8 IV -1 °2 .
H .J .D . V a r ia b le  - Comparison Check -  Comparison
-2446000 V (b -y ) (v -b ) U -b ) V (b -y ) (v -b ) (u -b )
296.471 0.995 0.117 -0 .101 - .095 -2 .26 6 -0 .0 1 6 -0 .02 6 0.004
296.488 0.993 0.105 -0 .0 8 8 - .106 -2 .2 3 5 -0 .0 2 8 -0 .0 1 9 -0 .0 0 4
297.409 0 .992 0.097 -0 .0 9 8 .096 -2 .2 5 5 -0 .0 0 2 -0 .0 3 5 -0 .0 2 3
297.417 0.985 0.116 -0 .10 7 .103 -2 .2 5 2 -0 .0 3 4 -0 .0 1 6 -0 .0 1 0
298.465 0.964 0 .114 -0 .10 1 - .117 -2 .243 -0 .0 3 0 -0 .0 1 2 -0 .0 1 8
298.475 0.971 0.105 -0 .09 0 .119
298.482 0.944 0 .116 -0 .1 1 2 .128 -2 .251 -0 .0 2 5 -0 .0 2 2 0 .009298.492 0.969 0 .103 -0 .1 2 8 .140
299.429 0.956 0.106 —0.106 .079 -2 .2 6 0 —0.018 -0 .0 2 5 0.009299.438 0 .950 0.108 —0.106 .134 -2 .2 6 6 -0 .021 -0 .0 2 8 0.000
299.447 0.959 0.096 -0 .10 6 .117 -2 .2 7 0 -0 .0 3 5 -0 .0 1 7 -0 .0 1 2
300.410 0.957 0.106 -0 .1 0 9 .114 -2 .2 6 5 -0 .0 3 0 -0 .0 1 8 -0 .0 0 9300.420 0.966 0 .108 -0 .1 0 5 .134 -2 .2 5 5 -0 .03 1 -0 .0 1 7 -0 .0 1 5
300.469 0 .948 0.114 -0 .1 1 4 .113
300.478 0 .959 0.103 -0 .1 0 2 - .093 -2 .2 7 0 -0 .0 2 8 -0 .0 2 7 0.001300.486 0.961 0.120 -0 .1 1 8 .115 -2 .2 6 3 -0 .0 2 8 -0 .0 2 8 0.008
301.492 1.005 0.098 -0 .1 0 5 .109
301.500 1.003 0.129 -0 .1 1 8 -■ .091
304.425 1.034 0.124 -0 .1 0 2 .104 -2 .2 5 4 -0 .0 3 5 -0 .0 2 6 -0 .0 1 0
304.439 1.040 0.098 -0 .101 .131 —2.266 -0 .0 2 7 -0 .0 2 6 -0 .0 1 4
304.452 0.000 0.000 -0 .08 3 .114 -2 .27 1 -0 .0 2 4 -0 .0 2 2 -0 .031
305.387 1.037 0.097 -0 .1 1 0 .113 -2 .28 7 -0 .021 -0 .0 1 5 0 .014
305.395 1.032 0.108 -0 .1 1 6 .102 -2 .2 6 7 -0 .02 7 -0 .0 2 3 -0 .0 2 0305.401 1.004 0.133 —0.106 - .109
306.358 1.008 0.103 -0 .091 .073 -2 .2 5 5 -0 .0 2 9 -0 .0 2 4 -0 .0 1 2
306.366 0.999 0 .124 -0 .0 8 5 .104 -2 .2 4 4 -0 .03 1 -0 .021 -0 .0 2 4
306.374 1.007 0.114 -0 .1 1 0 mm .077 -2 .257 -0 .0 3 0 -0 .0 1 3 -0 .0 1 0
306.383 0.995 0.123 -0 .0 9 2 - .093 -2 .25 6 -0 .0 3 0 -0 .0 1 6 —0 . 0 1 6
306.391 1.001 0.129 -0 .1 1 2 .104 -2 .2 6 2 -0 .0 3 3 -0 .027 -0 .0 3 0
307.433 1.003 0.106 -0 .08 9 .074 -2 .2 7 4 -0 .0 2 7 -0 .0 4 2 -0 .0 0 8
307.440 0.996 0.136 -0 .1 1 0 .101 -2 .2 2 6 -0 .0 3 5 -0 .02 7 -0 .031307.448 0.990 0.127 -0 .1 0 7 .103 -2 .2 7 2 -0 .0 2 5 -0 .0 2 2 -0 .0 0 6
307.456 1.022 0.076 -0 .0 8 2 - .070 -2 .2 8 0 -0 .0 2 8 -0 .0 1 9 0.009
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R. A. ( 1950. 0 ) Dec. ( 1950 .0 ) “ v Sp.
L 8 IV -1 °2 (V r) 17" 48“ 51® -0 1 ° 42» 32'» 11.0 B
HD162472 (C) 17" 48“ 41® -0 1 ° 28» 52" 10.2 AO
HD162692 (K) 17" 49^ 47® -0 1 ° 25» 09" 7 .7 A2
The r e s u l t s  a re  p resen ted  i n  Table  2 .6 .  K-C shows a l o t  o f 
s c a t te r ,  though t h i s  may ju s t  be the  r e s u l t  o f  h ig h  a ir-m a s s  
o b s e rv a tio n s  and an in c re a s in g ly  b r ig h t  moon. One V and (b -y )  
measurement has been o m itte d  as th e  y o b s e rv a tio n  showed a la rg e  
r .m .s  e r r o r .  F ig . 2 .6  c le a r ly  shows th e  l i g h t  v a r i a b i l i t y  o f
LS IV -1^2  b u t th e  a m p litu d e s  o f any c o lo u r changes a re  com parable
w ith  th e  s c a t te r  i n  th e  da ta , a lth o u g h  some v a r ia t io n  does seem to  
be p re s e n t. D i f f e r e n t ia l  mean m agnitudes and c o lo u rs  f o r  L 8 IV -1 °2  
a re  as fo l lo w s  :
dV d (b -y )  d (v -b )  d (u -b )
Vr-C  (n=33) 0 .9 9 l2 o .0 2 7  0 .111^0.013  -0 .104^0 .011  -1 .06 0 ^0 .0 1 7
K-C (n=27) -2 .2 6 0 ^0 .0 1 3  -0 .02 7 ^0 .0 0 7  -0 .0 2 3 ^0 .0 0 7  -0 .0 0 7 ^0 .0 1 2
A v is u a l in s p e c t io n  o f  the  l i g h t  cu rve  suggests  one dom inant 
v a r ia t io n  w ith  a p e r io d  o f ~ 10  days. On th e  s im p l i fy in g  
assum ption  th a t  th e  l i g h t  cu rve  i s  s in g ly  p e r io d ic ,  a s in e  wave was 
f i t t e d  to  th e  d a ta  u s in g  th e  method o f  le a s t  squares. The u ,v ,b ,V  
cu rves  gave b es t f i t s  f o r  P 11-12 days and in d ic a te  an a m p litu d e  
o f  0 .0 7 -0 .0 8  mag i n  th e  l i g h t  cu rve , th e  s e m i-a m p litu d e s  i n  each 
f i l t e r  be ing  0 .041 , 0 .0 4 0 , 0.037 and 0.036 mag re s p e c t iv e ly .  F i t s
to  th e  V and (b -y )  o b s e rv a tio n s  a re  shown in  F ig . 2 .7 .  F u r th e r  
o b s e rv a tio n s  a re  needed to  co n firm  th e  p e r io d ic  n a tu re  o f th e  l i g h t
F ig u re  2 .6  D i f f e r e n t ia l  l i g h t  and c o lo u r cu rves  f o r  L 8 IV -1 °2 , 
Each has been o f f s e t  by an a r b i t r a r y  co n s ta n t.
1 0 .9









H.J.D. - 2 4 4 6 0 0 0
F ig u re  2 .7  S ine-wave f i t s  to  th e  V and (b -y )  cu rve s  o f  F ig u re  2 .6  
assuming cu rve  to  be s in g ly  p e r io d ic  w ith  P=11 days.
1 0 .9 2
1 0 .9 6
11.00
*0 1 1 .0 4
O)
11.08
b - yQ  11.12
296 308300 304
H.J.D. -  2 4 4 6 0 0 0
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cu rve .
2 .3b  DISCUSSION
LSIV-1 °2 was id e n t i f ie d  as a member o f th e  EHe s ta r s  by 
D r i l l i n g  (1 9 8 0 ). D r i l l i n g  e t  a l . (1984a) la t e r  e s tim a te d  an 
e f f e c t iv e  tem pe ra tu re  o f  11 ,900 ’^ 400K. LSIV-1 °2  has a spectrum  
s im i la r  to  th a t  o f  a n o th e r EHe s ta r ,  HD168476 (Lynas-G ray e t  a l .  
1981), b u t w ith  weak hydrogen l in e s  p re se n t. Of th e  s ix  c o o le r  EHe 
s ta r s  (8 ,0 0 0 -1 3 ,OOOK), those  f o r  w h ich  v a r i a b i l i t y  s tu d ie s  have
been conducted have a l l  p roven  to  be v a r ia b le .  The c o o le s t o f
the se , BD+1°4381, i s  p e r io d ic  and appears to  re p re s e n t a
s t ra ig h t fo rw a rd  e x te n s io n  o f  r a d ia l  p u ls a t io n  i n  RGB s ta r s
(A le xa nd e r e t  a l .  1972), w h i ls t  th e  h o t te r  s ta r  BD-1°3438 appears 
i r r e g u la r .  The pho tom etry  p resen ted  here  suggests  th a t  th e  
v a r ia t io n  o f  LSIV-1 °2 i s  more a k in  to  th e  v a r i a b i l i t y  o f  BD+1°4381 
b u t on a s h o r te r  t im e s c a le , and shou ld  be a ss o c ia te d  w ith  r a d ia l  
p u ls a t io n  o f  th e  s ta r .  I t  i s  im p o rta n t to  im prove th e  p e r io d  
d e te rm in a t io n  f o r  LS IV -1°2  in  o rd e r to  see how i t  f i t s  in t o  th e
c o n te x t o f  p u ls a t io n  i n  EHe s ta rs .
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2 .4  L 8 II+ 3 3°5
2 .4 a  OBSERVATIONS
Strom gren o b s e rv a tio n s  o f  LS II+33^5  were o b ta in e d  w ith  a
0 .75 -m  te lesco p e  a t  th e  OSN on 9 n ig h ts  d u r in g  a 12-day p e r io d  in
1985 August by th e  w r i t e r  and Mr G, P. H. W i l l in g a le .  The programme
*1s ta r s  (T a b le  2 .7 )  were t y p i c a l l y  observed f o r  1-1g hours each 
n ig h t ,  a lthough  on some n ig h ts  two s e ts  o f o b s e rv a tio n s  o f  
LS II+33^5  were made 1-2 hours  a p a r t .  D i f f e r e n t ia l  m agnitudes and 
c o lo u rs  a re  p resen ted  i n  T ab le  2 .8 ,  c o rre c te d  to  th e  s tandard  
system . Z e ro -p o in ts  were de te rm ined  on 9 n ig h ts  from  which the  
mean m agnitudes and c o lo u rs  i n  T ab le  2 .7  are  d e r iv e d . The w r i t e r  
i s  unaware o f  any p u b lis h e d  S trom gren  c o lo u rs  f o r  L S II+ 3 3 °5 .
The d i f f e r e n t i a l  mean m agn itudes and c o lo u rs  o f  LS II+ 33°5  from
The p h o to m e tr ic  v a r i a b i l i t y  o f LS II+33^5  (F ig .  2 .8 )  appears 
i r r e g u la r ,  w ith  maximum b r ig h tn e s s  changes over 3-4  days 
( id e n t i f y in g  l i g h t  m in im a a t  JD 2446297, 301 and 304 ). I t  showed
an 0.07 mag v a r ia t io n  in  V and a c o lo u r v a r ia t io n  o f 0 .03  mag i n  
(u - b ) .  Any v a r ia t io n s  i n  ( v -b )  and (b -y )  a re  comparable w ith  th e  
s c a t te r  in  th e  d a ta . In te g r a t io n  tim e s  were chosen so th a t
Tab le  2 .8  were as fo l lo w s  : ^
dV d (b -y )  d (v -b )  d (u -b )
Vr-C  (n=46) 2 .418^0 .017  O.IbS^O.OOg 0 .025^0.006  -1 .17 5 ^0 .0 1 7
K-C (n = 4 l) 1 .801^0 .008  0 .101+0.007 O.O38+O.OO6 -0 .5 3 7 *0 .0 0 9  ^
Table 2 .7  T a rg e t, co m parison  and check s ta r  d e ta i ls  f o r  L S II+ 3 3 °5 . 
The m agnitudes and c o lo u rs  a re  th e  average o f the  9 n ig h t ly  means.
RA (1 9 5 0 .0 ) Dec Sp V (b -y ) ( v -b ) (u -b )
LS II+33^ 5 (V r) 19^4b”^24® +33°51 04" B 10.36+0.04 0.22+0.01 0 .19+0 .02 0 .29+0.06
HD186439 (C) 19^42^15® +33°48 56" B8 7 .94+0.05 0.06+0.01 0 .17+ 0 .02 1.47+0.06
HD225565 (K) 19^4 i “ 08® +34^18 07" AO 9.74+0.05 0.1 5+0.01 0 .21+0 .02 0 .9  4+0-.06
F ig u re  2 .8  D i f f e r e n t ia l  l i g h t  and c o lo u r curves f o r  LS I 1+33 5. 
Each has been o f f s e t  by an a r b i t r a r y  co n s ta n t. The V curve  f o r  K-C 
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H.J.D. -  2446000
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a p p ro x im a te ly  equal pho ton  co un ts  were o b ta in e d  f o r  each V r and K 
measurement (3  in te g r a t io n s  o f  5x10^ co un ts  i n V ) .  The s tandard  
d e v ia t io n  o f  th e  V r-C  o b s e rv a tio n s  on JD 2446306 and 307 was 
ro u g h ly  2-3  tim e s  th a t  to  be expected  f r a n  th e  o b s e rv a tio n a l e r ro r  
in d ic a te d  by the  K-C o b s e rv a tio n s  i f  LS II+33^5  i s  s ta b le  over a 
t im e s c a le  o f about an h ou r. However, o th e r n ig h ts  a re  n o t 
c o n s is te n t  w ith  th e  id e a  o f  s h o r t  t im e s c a le  v a r i a b i l i t y ,  and as 
LS II+33^5  l i e s  i n  a v e ry  crowded s ta r  f i e l d  (1=69°, b=5°) t h i s
r e s u l t  needs c a re fu l ch eck ing  to  exc lude  the  p o s s ib i l i t y  o f e f fe c ts  
in tro d u c e d  by background s ta r s  th ro u g h  te le sco p e  in s t a b i l i t i e s .
2 .4 b  DISCUSSION
LS II+33°5  (HD225642) was id e n t i f ie d  as a member o f th e  EHe
s ta rs  by D r i l l i n g  (1 9 7 8 ). D r i l l i n g  e t  a l .  (1984a) d e r iv e d  
T^^^=15,000K f o r  L S II+ 3 3°5  from  a s tudy  o f  i t s  u l t r a - v io le t  f lu x .  
However, LS II+ 33°5  i s  anomalous i n  th a t  i t s  spectrum  d is p la y s  
numerous s tro n g  l in e s  o f  O i l ,  w h ich  a re  e i th e r  weak o r absent i n  
o th e r  EHe s ta r s  o f  s im i la r  tem pe ra tu re . L a n d o lt (1986a) suggested 
th a t  LS II+33°5  m ig h t be p h o to m e tr ic a l ly  v a r ia b le  f ra n  d is c re p a n t V 
m agnitudes o b ta in e d  by h im s e lf  and by D r i l l i n g  (1 9 75 ), and from  
sm a ll d if fe re n c e s  no ted  by D r i l l i n g  e t  a l . (1984a) in  two lUE 
o b s e rv a tio n s . S im ila r  to  BD-1°3438, LS II+33°5  d is p la y s  i r r e g u la r
changes in  l i g h t  and c o lo u r ,  b u t on a s h o r te r  t im e s c a le  o f about
3 -4  days (S e c t. 2 .4 ) .  HD168476 (T^^^=12,400K ) i s  a ls o  an i r r e g u la r
p h o to m e tr ic  v a r ia b le ,  o b s e rv a tio n s  so f a r  su gg e s ting  a p o s s ib le  
t im e s c a le  o f about a week ( H i l l  1986, p r iv a te  com m un ica tion ). 
However, fu r th e r  o b s e rv a t io n s  and im proved th e o r e t ic a l  models o f
Table  2 ,8  D i f f e r e n t ia l  uvby pho tcm etry  o f LS I 1+33 5.
H .J.D * V a r ia b le  - Comparison Check - Comparison
-2445000 V (b -y ) (v -b ) (u -b ) V (b -y ) (v -b ) (u -b )
295.502 2.376 0. 66 0 .025 183 1.798 0.096 0.038 -0 .5 2 5
296.517 2.367 0. 74 0.025 161
296.529 2.360 0. 77 0.028 149 1.798 0.105 0.032 -0 .5 4 2
297.463 2.446 0. 63 0.036 161
297.475 2.461 0. 62 0.038 181 1.797 0.095 0 .048 -0 .5 3 5
297.483 2.457 0. 52 0.033 164 1.802 0.093 0.042 -0 .5 3 8
297.491 2.452 0. 62 0 .032 162 1.802 0.104 0.044 -0 .53 8
297.534 2.447 0. 58 0 .023 154 1.789 0.104 0.034 -0 .5 3 5
297.543 2.433 0. 64 0 .022 146 1.800 0.097 0.035 -0 .53 9
297.555 2.440 0. 63 0.025 161 1.811 0.091 0.038 -0 .5 4 3
298.471 2.431 0. 66 0.006 192 1.807 0.099 0 .032 -0 .5 3 0
298.481 2.438 0. 64 0.019 188 1.793 0.106 0.028 -0 .54 0
298.489 2.432 0. 69 0 .022 190 1.801 0.101 0.038 -0 .5 3 4
298.499 2.434 0. 55 0 .030 184 1.792 0.099 0.046 -0 .5 3 5
298.507 2.411 0. 63 0.026 189 1.788 0.104 0.038 -0 .5 4 2
298.559 2.423 0. 66 0 .025 190 1.803 0.099 0.035 -0 .5 5 5
298.568 2.411 0. 61 0.027 178
299.504 2.400 0 . 69 0 .032 166 1.804 0.101 0.047 -0 .54 5
299.512 2.426 0. 55 0.021 185 1.791 0.103 0.031 -0 .53 6
299.523 2.406 0. 71 0.016 176 1.802 0.093 0.043 -0 .531
299.531 2.419 0. 63 0.021 205 1.794 0.104 0.046 -0 .53 9299.544 2 .405 0. 73 0.017 178 1.798 0.096 0.042 -0 .547
299.551 2.397 0. 71 0 .024 173 1.788 0.103 0.039 -0 .5 2 7
299.559 2.419 0. 63 0 .024 186
301.496 2.432 0. 61 0.034 176 1.801 0.099 0.045 -0 .54 0
301.505 2.446 0. 63 0.016 198 1.802 0.102 0.045 -0 .5 2 6
301.514 2 .429 0. 69 0.027 177 1.809 0 .108 0.036 -0 .5 3 3303.570 2.364 0. 84 0.023 152 1.798 0.114 0.038 -0 .5 1 9303.574 2.397 0. 68 0.035 142 1.814 0.108 0.036 -0 .546
304.523 2 .454 0. 49 0 .028 172 1.784 0 .129 0.045 -0 .5 2 8
304.538 2.466 0. 45 0.027 141 1.800 0.101 0.034 -0 .551
304.570 2.441 0. 61 0.026 157 1.809 0.101 0.040 -0 .5 2 4
306.451 2.425 0. 57 0 .022 201 1.816 0.094 0.041 -0 .5 4 4
306.459 2.444 0. 59 0.019 190 1.791 0.109 0.033 -0 .5 2 4306.466 2 .404 0. 59 0.020 194 1.802 0.102 0.029 -0 .5 4 5
306.473 2.420 0. 63 0 .030 203 1.798 0.097 0.043 -0 .5 3 5
306.480 2.393 0. 58 0.031 179 1.799 0 .092 0 .042 -0 .5 3 9306.544 2.377 0. 75 0.021 160 1.803 0.104 0.035 -0 .541
306.551 2.385 0 . 64 0.026 177 1.804 0 .092 0.037 -0 .541
307.508 2.430 0. 65 0.021 185 1.802 0.096 0.040 -0 .5 3 4
307.517 2.404 0. 60 0.023 151 1.808 0.091 0.034 -0 .551
307.525 2.401 0. 72 0.013 176 1.795 0 .104 0 .030 -0 .5 3 0
307.533 2.386 0. 90 0.021 135 1.790 0.106 0.040 -0 .5 2 6
307.544 2 .402 0. 57 0.038 161 1.815 0.098 0.045 -0 .5 4 9
307.553 2.441 0. 40 0 .032 179 1.811 0.098 0 .034 -0 .5 5 9
307.563 2.410 0. 56 0 .024 167
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p u ls a t io n s  in  e x tre m e ly  h y d ro g e n -d e f ic ie n t  s ta rs  a re  a n e c e s s ity  
b e fo re  i t  w i l l  be p o s s ib le  to  say w he ther LS II+33°5  re p re s e n ts  a 
b luew ard e x te n s io n , in  th e  p e r io d - te m p e ra tu re  p lane , o f the  
i n s t a b i l i t y  re g io n  to  r a d ia l  p u ls a t io n .
LS II+33°5  i s  a c r u c ia l  a d d it io n  to  th e  EHe s ta rs  con firm ed  to  
be v a r ia b le  as i t  f a l l s  w i t h in  th e  te m p e ra tu re  range 1 3 ,0 0 0 -2 3 ,OOOK 
p re v io u s ly  devo id  o f  any co n firm e d  v a r i a b i l i t y  ( th e re  i s  
c o n tra d ic to ry  evidence  on th e  v a r i a b i l i t y  o f HD124448
(T e ff= 15 ,50 0 K ) and BD+10°21?9 CT^^^=17,500K) -  see J e f fe r y  e t  a l .  
1986 and re fe re n c e s  th e r e in ) .  Those v a r ia b le s  w ith  h ig h e r 
tem pe ra tu res  tha n  t h i s  in t e r v a l  a re  b e lie v e d  to  be p u ls a t in g  
n o n - r a d ia l ly  ( J e f fe r y  e t  a l .  1985, Lynas-G ray e t a l .  1987) w h i ls t  
those  o f lo w e r tem pe ra tu re  appear to  be p u ls a t in g  r a d ia l l y  
( J e f fe r y  & Malaney 1985). T h is  d icho tom y has been in te rp re te d  as a 
change from  r a d ia l  to  n o n - ra d ia l p u ls a t io n  w ith  in c re a s in g  s u rfa ce  
g r a v i t y .  W ith  an e f f e c t iv e  te m p e ra tu re  in te rm e d ia te  between these 
two groups, i t  i s  im p o r ta n t t o  unde rs tand  the  n a tu re  o f th e  
v a r i a b i l i t y  o f L S II+ 3 3 °5 . T h is  s ta r  deserves a d e ta ile d  
p h o to m e tr ic  s tud y .
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2 ,5  BD-Q°4^Q5
2 .5 a  OBSERVATIONS
P ho tcxae tric  o b s e rv a tio n s  o f BD-9°4395 in  th e  uvby system  were 
o b ta in e d  on 28 n ig h ts  d u r in g  a 52-day p e r io d  i n  1984 M ay-Ju ly  a t  
th e  SAAO w ith  th e  0 .5 -m  te lesco p e  by th e  w r i t e r ,  D rs P .W .H il l  and 
C .S .J e f fe ry ,  and Mr R .A .M alaney. I n te g r a t io n  tim e s  were chosen so 
th a t  a p p ro x im a te ly  100,000 co un ts  were o b ta in e d  f o r  th e  com parison  
and check s ta rs ,  and 30,000 coun ts  f o r  BD-9°4395. D e ta i ls  o f  th e  
programme s ta rs  a re  g iv e n  i n  Tab le  2 .9 ;  t h e i r  mean m agnitudes and 
c o lo u rs  a re  d e r iv e d  from  the  jo u rn a l o f th e  o b s e rv a tio n s  g iv e n  in  
Tab le  2 .1 0 .
I t  i s  o bv ious  th a t  the  d i f f e r e n t ia l  l i g h t  cu rve  o f BD-9°4395 
in  F ig . 2 .9  e x h ib i t s  a complex b e h a v io u r, and t h a t  i f  th e  
v a r i a b i l i t y  i s  p e r io d ic  i t  must be m u l t i - p e r io d ic .  The s tan d a rd  
d e v ia t io n s  o f  ~ 0 .008  mag o f  th e  d i f f e r e n t ia l  c o lo u rs  o f  th e  
com parison  s ta r s  ( i n  th e  sense K-C) i s  n o t s ig n i f i c a n t ly  exceeded 
by th a t  observed f o r  BD-9°4395 ( i n  th e  sense V r-C ) ,  so t h a t  th e re  
i s  no ev idence f o r  c o lo u r v a r ia t io n s  o f BD-9°4395. J e f fe r y  e t  a l .  
(1985) s u b je c te d  th e  d a ta  to  a d e ta ile d  fre q u e n cy  a n a ly s is ,  and 
a lth o u g h  no t c o n c lu s iv e , i t  dem onstra tes th e  m u l t ip e r io d ic  n a tu re  
o f  the  p h o to m e tr ic  v a r ia t io n s .  The adopted fre q u e n cy  s o lu t io n  f o r  
th e  d i f f e r e n t i a l  V - l ig h t  curve c o n ta in s  7 te rm s and i s  g iv e n  in  
T ab le  2 .1 1 . The 3 .5  and 11,2 day p e r io d s  a re  c la im ed  to  be 
unambiguous, w h i ls t  th e  re m a in in g  f i v e  term s a re  p r o v is io n a l.
Table 2.9 The uvby photometry of BD-9°4395.
H.J.D. Comparison V a r ia b le  - Comparison Check - Comparison
-2445000 V (b -y ) ( v-b) (u -b ) V (b -y ) y-b) (u -b) V (b -y ) (v -b ) (u -b )
839.498 8 130 0 .089 0 .150 0 .899 2 .398 0 .066 -0 .022 -0 .74 3 0 .886 0 .225 0.292 0 .710
839.535 8 129 0 .086 0 .153 0 .895 2.393 0 .068 -0 .034 -0 .731 0 .879 0 .232 0.285 0 .693
841.361 8 139 0 .080 0 .159 0 .902 2.384 0 .060 -0 .039 -0 .7 3 3
841.443 8 146 0 .078 0 .152 0 .901 2 .392 0 .058 -0 .049 -0 .7 5 2 0 .875 0 .227 0.292 0 .715
841 .577 8 122 0 .085 0 .148 0 .904 2 .404 0 .052 -0 .034 - 0.745 0 .875 0 .223 0.291 0 .711
842.309 8 112 0 .066 0 .167 0 .913 2 .425 0 .058 -0 .043 - 0.735 0 .885 0 .230 0.286 0 .707
844.451 8 101 0 .065 0 .159 0 .903 2 .413 0 .059 -0 .041 - 0.747 0 .872 0 .219 0.288 0 .710
844.507 8 120 0 .070 0 .168 0 .914 2.427 0 .054 -0 .044 -0 .7 3 5
844.536 8 119 0 .065 0 .166 0 .915 2.425 0 .059 -0 .041 -0 .7 3 5 0 .876 0 .228 0.288 0 .710
844.562 8 127 0 .071 0 .165 0 .915 2.422 0 ,066 -0 .047 -0.741 0 .867 0 .224 0.290 0 .713
846.329 8 123 0 .065 0 .171 0 .921 2 .358 0 .072 .044 -0 .7 4 8 0 .880 0 .234 0.286 0 .711
846.406 8 107 0 .061 0 .160 0 .901 2.374 0 .061 -0 .037 -0.741
846.462 8 100 0 ,062 0 .152 0 .885 2.392 0 .051 -0 .024 -0 .73 5
848.305 8 111 0 .066 0 .160 0 .905 2.366 0 .063 —0 .022 - 0.731 0 .877 0 .224 0.298 0 .724
848.370 8 119 0 .067 0 .159 0 .918 2 .3 58 0 .055 -0 .029 - 0.692 0 .874 0 .223 0.291 0 .712
848.450 8 126 0 .064 0 .163 0 .910 2.352 0 .064 -0 .038 -0 .74 2 0 .883 0 .224 0.292 0 .708
848.517 8 124 0 .066 0 .159 0 .905 2.356 0 .060 -0 .044 - 0.745 0 .885 0 .217 0.296 0 .718
849.298 8 105 0 .073 0 .165 0 .915 2 .355 0 .069 -0 .052 - 0.749 0 .890 0 .231 0.280 0 .701
849.328 8 114 0 .069 0 .164 0 .913 2 .369 0 .059 -0 .051 - 0.745 0 .888 0 .223 0.291 0 .717
849.437 8 120 0 .070 0 .162 0 .909 2.383 0 .059 -0 .046 - 0.747 0 .886 0 .226 0.281 0 .706
849.476 8 116 0 .074 0 .158 0 .909 2.389 0 .055 -0 .037 -0 .74 0 0 .881 0 .226 0.290 0 .709
849.519 8 114 0 .072 0 .163 0 .908 2.384 0 .072 -0 .046 -0 .7 4 8
849.554 8 111 0 .077 0 .161 0 .904 2.386 0 .070 -0 .040 -0.741
857.378 8 122 0 .068 0 .160 0 .910 2.370 0 .062 -0 .051 - 0.763 0 .887 0 .225 0.297 0 .726
857.426 8 121 0 .067 0 .164 0 .916 2.365 0 .060 -0 .047 -0 .76 0 0 .889 0 .220 0.288 0 .710
857.522 8 123 0 .068 0 .162 0 .911 2.361 0 .061 -0 .050 -0 .75 3 0 .883 0 .224 0.292 0 .718
858.292 8 112 0 .068 0 .162 0 .921 2 .359 0 .059 -0 .046 - 0.755 0 .891 0 .225 0.293 0 .721
858.373 8 116 0 .070 0 .162 0 .915 2.345 0 .069 -0 .046 - 0.750 0 .884 0 .225 0.299 0 .710
858.525 8 118 0 .067 0 .160 0 .916 2.337 0 .070 -0 .047 -0 .757 0 .880 0 .233 0.284 0 .703859.304 8 106 0 .065 0 .164 0 .911 2.303 0 .066 -0 .045 -0 .75 3 0 .888 0 .228 0.286 0 .716
859.384 8 112 0 .069 0 .162 0 .909 2.302 0 .061 -0 .039 -0 .7 4 9 0 ,887 0 .227 0.288 0 .712859.482 8 117 0 .070 0 .161 0 .907 2.292 0 .059 -0 .034 - 0.747 0 .888 0 .224 0.301 0 .717
859.515 8 119 0 .072 0 .164 0 .914 2 .3 02 0 .059 -0 .046 - 0.757 0 .886 0 .226 0.279 0 .710860.301 8 119 0 .070 0 .166 0 .925 2.395 0 .057 -0 .049 -0 .7 4 8 0 .891 0 .222 0.293 0 .725860.381 8 120 0 .069 0 .163 0 .912 2 .398 0 .054 -0 .036 - 0.728 0 .881 0 .227 0.299 0 .707
860.472 8 123 0 .073 0 .163 0 .907 2 .4 15 0 .049 -0 .043 - 0.731 0 .884 0 .229 0.294 0 .721
860.499 8 126 0 .069 0 .162 0 .910 2.403 0 .060 -0 .039 - 0 .735 0 .884 0 .223 0.297 0 .706861.268 8 130 0 .073 0 .172 0 .932 2.437 0 .055 -0 .030 - 0.723 0 .897 0 .231 0.301 0 .734861.360 8 135 0 .075 0 .162 0 .915 2.433 0 .060 -0 .027 - 0 .720 0 .878 0 .226 0.297 0 .729861 .4 86 8 131 0 .068 0 .168 0 .916 2 .4 38 0 .057 -0 .046 - 0.729 0 .879 0 .233 0.289 0 .718862.280 8 117 0 .077 0 .159 0 .927 2.426 0 .041 -0 .045 -0.751 0 .888 0 .223 0.305 0 .734
862.305 8 113 0 .078 0 .161 0 .925 2.394 0 .062 -0 .048 - 0.756 0 .873 0 .221 0.300 0 .714
862.351 8 111 0 .072 0 .167 0 .918 2 .410 0 .052 -0 .051 -0 .761 0 .894 0 .219 0.287 0 .735
862.425 8 106 0 .071 0 .168 0 .912 2 .370 0 .066 -0 .053 -0 .746 0 .873 0 .221 0.292 0 .713
862.485 8 119 0 .068 0 .163 0 .912 2 .363 0 .066 -0 .044 -0 .73 9 0 .862 0 .226 0.286 0 .723
863.265 8 104 0 .078 0 .162 0 .918 2 .405 0 .076 -0 .026 -0 .726 0 .893 0 .216 0.319 0 .729
865 .268 8. 113 0.065 0 .162 0 .910 2.366 0 .067 -0 .031 -0 .709 0 .879 0 .234 0 .285 0 .709
855 .303 8. 121 0.063 0 .161 0.910 2.393 0 .060 -0 .038 -0 .736 0 .877 0 .227 0 .302 0 .714
865 .332 8. 123 0.065 0 .166 0.908 2.386 0 .063 -0 .045 -0 .720 0 .895 0 .237 0 .274 0 .714
865 .361 8. 132 0.064 0 .165 0.910 2.384 0 .074 -0 .030 -0 .721 0 .900 0 .217 0 .316 0 .721
866 .259 8. 124 0.069 0 .169 0.923 2.382 0 .054 -0 .063 -0 .750 0 .901 0 .221 0 .286 0 .681
866 .298 8. 121 0.070 0 .165 0.918 2.367 0 .068 -0 .036 -0 .754 0 .888 0 .222 0 .295 0 .704
866 .354 8. 125 0.065 0 .169 0.911 2.373 0 .061 -0 .051 -0 .754 0 .884 0 .228 0 .287 0 .710
866 .390 8. 124 0.064 0 .170 0.913 2.376 0 .055 -0 .040 -0 .756 0 .879 0 .230 0 .294 0 .704
866 .414 8, 122 0.071 0 .161 0.906 2.379 0 .051 -0 .055 -0 .749 0 .893 0 .214 0 .295 0 .714
866 .441 8. 122 0.073 0 .162 0.906 2.369 0 .057 -0 .037 -0 .747 0 .881 0 .223 0 .290 0 .715
866 .490 8. 124 0.066 0 .162 0.911 2.356 0 .052 -0 .028 -0 .733 0 .873 0 .220 0 .298 0 .725
866 .510 8. 122 0.065 0 .169 0.913 2.367 0 .075 -0 .059 -0 .748 0 .883 0 .223 0 .279 0 .707
873 .251 8. 122 0.074 0 .164 0.922 2.405 0 .063 -0 .038 -0 .740 0 .879 0 .217 0 .295 0 .716
873 .366 8. 123 0.070 0 .164 0.906 2.387 0 .066 -0 .041 -0 .737 0 .875 0 .225 0 .292 0 .726
873 .500 8. 128 0.067 0 .163 0.911 2.381 0 .051 -0 .033 -0 .737 0 .872 0 .234 0 .282 0 .702
874 .233 8. 120 0.081 0 .168 0.923 2.354 0 .056 -0 .051 -0 .750 0 .882 0 .217 0 .299 0 .723
874 .351 8. 120 0.071 0 .166 0,907 2.361 0 .058 -0 .043 -0 .745 0 .883 0 .227 0 .290 0 .720
874 .491 8. 121 0.069 0 .163 0.905 2.371 0 .068 -0 .044 -0 .746 0 .882 0 .229 0 .298 0 .722
875 .226 8. 112 0.068 0 .171 0 .928 2.475 0 .059 -0 .048 -0 .742 0 .885 0 .229 0 .285 0 .706
875 .334 8. 114 0.065 0 .166 0.919 2.475 0 .060 -0 .044 -0 .733 0 .882 0 .229 0 .291 0 .706
876 .234 8. 104 0.070 0 .178 0.931 2.417 0 .069 -0 .050 -0 .755 0 .883 0 .228 0 .280 0 .706
876 .285 8. 107 0.069 0 .164 0 .915 2.414 0 .057 -0 .037 -0 .740 0 .878 0 .235 0 .293 0 .699876 .334 8. 103 0.068 0 .166 0.913 2.418 0 .054 -0 .039 -0 .741 0 .883 0 .224 0 .292 0 .718876 .386 8. 106 0.070 0 .167 0.906 2.407 0 .066 -0 .047 -0 .754 0 .880 0 .227 0 .287 0 .712
876 .477 8. 122 0.067 0 .164 0.911 2.399 0 .071 -0 .042 -0 .746 0 .870 0 .224 0 .292 0 .718
877 .224 8. 106 0.069 0 .163 0.926 2.373 0 .061 -0 .025 -0 .739 0 .877 0 .225 0 .299 0 .713
877 .271 8. 110 0.071 0 .170 0.917 2.382 0 .056 -0 .049 -0 .744 0 .889 0 .216 0 .293 0 .714
877 .483 8. 129 0.071 0 .165 0.914 2.385 0 .065 -0 .046 -0 .742 0 .884 0 .225 0 .282 0 .718
878 .230 8. 129 0.068 0 .173 0.935 2.442 0 .068 .041 -0 .750 0 .874 0 .237 0 .283 0 .707
878 .485 8. 130 0.069 0 .170 0.918 2.407 0 .062 -0 .050 -0 .742 0 .882 0 .228 0 .287 0 .711
879 .224 8. 131 0.069 0 .168 0.930 2.381 0 .074 -0 .039 -0 .743 0 .890 0 .224 0 .294 0 .709
879 .274 8. 119 0.069 0 .161 0.913 2.376 0 .071 -0 .041 -0 .737 0 .885 0 .228 0 .294 0 .721
879 .293 8.,116 0.063 0 .159 0.912 2.387 0 .062 -0 .040 -0 .748 0 .889 0 .232 0 .298 0 ,704
879 .323 8. 127 0.064 0 .161 0.914 2.376 0 .064 -0 .035 -0 .747 0 .885 0 .236 0 .296 0 .716
879 .341 8. 141 0.069 0 .166 0.917 2.376 0 .070 -0 .038 -0 .740 0 .894 0 .229 0 .290 0 .716
879 .387 8. 123 0.061 0 .162 0 .898 2.365 0 .072 -0 .047 -0 .745 0 .888 0 .229 0 .283 0 .710
879 .406 8. 147 0.065 0 .173 0.915 2.367 0 .080 -0 .047 -0 .738 0 .892 0 .239 0 .281 0 .722
879 .430 8. 158 0.075 0 .169 0.922 2.368 0 .058 -0 .037 -0 .741 0 .884 0 .219 0 .297 0 .721
879 .448 8.,156 0.075 0 .171 0.917 2.365 0 .048 -0 .047 -0 .749 0 .864 0 .224 0 .291 0 .723
879 .472 8. 157 0.078 0 .153 0.916 2.380 0 .048 -0 .032 -0 .749
884 .293 8.,120 0.070 0 .165 0.913 2.382 0 .058 -0 .050 -0 .754 0 .878 0 .227 0 .291 0 .715
884 .401 8. 116 0.072 0 .162 0 .905 2.378 0 .051 -0 .034 - 0 .739 0 .889 0 .208 0 .309 0 .717
885 .421 8. 125 0.071 0 .160 0.918 2.433 0 .065 -0 .037 -0 .729
886 .422 8.,132 0.070 0 .162 0.916 2.427 0 .064 -0 .045 -0 .743
887 .431 8.,124 0 .173 0 .163 0.913 2.372 0 .069 -0 .043 -0 .741
889 .424 8.,123 0.068 0 .163 0 .915 2.424 0 .061 -0 .044 -0 .739
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1 1 1 1 1 1
D i f f e r e n t ia l l i g h t  and c o lo u r p lo ts  f o r  BD-9°4395. A l l
bu t th e  V curve  have been o f f s e t  by a r b i t r a r y  c o n s ta n ts .
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2 .5 b  DISCUSSION
BD-9^4395 was id e n t i f ie d  as an EHe s ta r  by M acConnell e t  a l .  
( 1972) .  A q u a n t i ta t iv e  a n a ly s is  by Kaufmann & Schonberner (1977) 
gave lo g  g=2.6 and n^^/n^j^^l .5x10“ ^ .  D r i l l i n g  e t  a l .  (1984a) 
e s tim a te d  T^^^=23 »000^7OOK. The v a lu e s  f o r  lo g  g and T^^^ in d ic a te  
th a t  i t  l i e s  i n  a re g io n  o f  th e  lo g  g ve rsu s  T^^^ diagram  w h ich  i s  
tra v e rs e d  by th e  e v o lu t io n a ry  t ra c k s  o f  s ta r s  w ith  condensed C/0 
co res  and pure  h e lium  enve lopes, and w ith  masses o f  -^IM^ 
(Schonberner 1977). P h o to m e tr ic  o b s e rv a tio n s  o f  t h i s  s ta r  by 
L a n d o lt (1979, p r iv a te  com m unication) and K ilk e n n y  (1985, p r iv a te  
com m unication) in d ic a te d  i t s  v a r i a b i l i t y ,  th e  l a t t e r  o b s e rv a tio n s  
a pp e a ring  to  r u le  ou t any s h o r t  p e r io d  v a r ia t io n s  on a t im e sca le  
le s s  tha n  a day.
The o b s e rv a tio n s  c o n firm  th a t  th e  s ta r  i s  n o t p u ls a t in g  i n  a 
s in g le - r a d ia l  mode as seems l i k e l y  in  th e  case o f BD+1°4381 and th e  
RCB s ta r  RY Sgr (A le xa n d e r e t  a l .  1972). J e f fe r y  e t  a l .  (1985) 
concluded th a t  th e  t im e s c a le  o f th e  v a r ia t io n s  observed i n  
BD-9^4395, to g e th e r w ith  th e  absence o f  d e te c ta b le  c o lo u r changes 
accompanying th e  p u ls a t io n ,  sugges ts  th a t  th e  v a r i a b i l i t y  a r is e s  
from  n o n -ra d ia l o s c i l la t io n s  o f  th e  s ta r .
Table 2 .1 0  P o s it io n s  and mean uvby pho tom etry o f  th e  programme
s ta rs  f o r  BD-9^4395.
Tab le  2 .11 The adopted  fre qu e ncy  s o lu t io n  f o r  th e  d i f f e r e n t i a l  V
l ig h t - c u r v e  o f BD-9^4395. The u n c e r ta in t ie s  quo ted  f o r  th e
a m p litu d e s  a re  s ta n d a rd  e r ro rs ,  and th e  e r ro r  a s s o c ia te d  w ith  th e
fre q u e n c ie s  i s  equa l to  th e  frequency  r e s o lu t io n  o f  th e  d a ta
- 1sample, 0 .029  c y c le s  day
Freque ncy A m p litude P eriod
(c y c le s  day~^ ) (mag) (day)
0.28445 0 . 033^ 0.002 3.516
0.08917 0 .02820 .002 11.215
0.42222 0 .02320 .002 2 .368
0.13772 0 .0192 o .002 7.261
0.31530 0 ,0162 o .002 3.172
0.50462 0 .0 1 l2 o .003 1 .982
0 . 5 4 87 0 0 .0 1 o2 o .002 1 .822
RA(1950) Dec Sp <V> <b-y> <v-b> <u-b> <Ci> <m^  > n
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2 .6  KS P e rse i
2 .6 a  OBSERVATIONS
Strom gren o b s e rv a t io n s  o f  KS P e rse i were o b ta in e d  a t  th e  OSN
w ith  a 0 .75 -m  te le s c o p e  on 12 n ig h ts  d u r in g  a 13-day p e r io d  i n  1985
August by th e  w r i t e r  and Mr G. P. H .W il l in g a le .  Each o f th e  ta r g e t
s ta r s  (V r)  and t h e i r  a s s o c ia te d  com parison (C) and check (K ) s ta r s
1(T a b le  2 .1 2 ) were t y p i c a l l y  observed f o r  1 -1^ hours tow ards th e  end 
o f  each n ig h t .  A f te r  th e  f i r s t  n ig h t  a b r ig h te r  s ta r ,  HD30410, was 
used i n  p lace  o f th e  o r ig in a l  check s ta r  (HD30308). The com parison 
s ta r  (HD30196) i s  th e  same as ’ Comparison 1 ’ used by Osawa e t  
a l . (1963) in  t h e i r  o b s e rv a tio n s  o f  KS P e rs e i. D i f f e r e n t ia l  
m agnitudes and c o lo u rs  a re  p resen ted  i n  Table  2 .13  c o r re c te d  to  th e  
s tan d a rd  system . Z e ro -p o in ts  were dete rm ined  on 9 n ig h ts  from  
w hich th e  mean m agn itudes  and c o lo u rs  i n  Table  2 .1 2  a re  d e r iv e d .
The r e s u l t s  compare w e l l  w i th  th e  o b s e rv a tio n s  o f  Cameron (1 9 6 6 ).
The mean d i f f e r e n t i a l  m agnitudes and c o lo u rs  o f  KS P e rse i from  
Tab le  2 .13  were as f o l lo w s  :
dV d (b -y )  d (v -b )  d (u -b )
Vr-C  (n=72) -0 .6 8 6 ^ 0 .0 1 9  0 .036^0 .005  0 .0492o.013  -0 .4 1 S^O.034
K-C (n=63) -0 .9 3 1 *0 .0 0 4  0 .307*0 .003  0 .4 9 6*0 .0 04  0 .6 6 4 *0 .0 0 7
Table 2 .1 3  D i f f e r e n t ia l  uvby pho tcm etry o f KS P e rs e i.
H .J .D . V a r ia b le  - Comparison Cheok -  Comparison
-244b000 V (b -y ) ( v -b ) (u -b ) V (b -y ) (v -b ) (u -b )
295.623 -0 .741 0.034 0.038 -0 .487
295.63b -0 .7 4 0 0.035 0 .028 - 0.476
295.646 - 0.743 0.033 0.029 -0 .46 9
295.667 -0 .7 3 8 0.033 0.023 - 0.474
296.601 -0 .7 2 4 0.041 0.030 -0 .4 5 8 -0 .9 4 2 0.311 0.493 0.674
296.610 -0 .7 1 4 0 .028 0 .030 -0 .44 6 -0 .94 0 0.311 0.495 0 .673
296.61b - 0.720 0 .037 0.033 -0 .4 5 4 -0 .9 3 8 0.310 0.490 0.672
296.640 -0 .711 0.033 0 .032 - 0.449 -0 .9 4 2 0.311 0.498 0.674
296.656 - 0.711 0.029 0.035 -0 .4 4 8 -0 .94 6 0.311 0.493 0.676
297.618 - 0.690 0.036 0 .035 -0 .4 1 9 - 0.934 0.307 0.499 0 .666
297.627 -0 .6 8 9 0.035 0 .040 -0 .427 -0 .941 0.312 0.491 0.672
297.634 - 0.691 0.033 0.036 -0 .421 -0 .9 3 6 0.309 0,499 0.657
297.644 -0 .6 8 8 0.035 0 .039 -0 .4 4 2 -0 .9 3 5 0.306 0.499 0.647
297.651 - 0.692 0.030 0.036 - 0.439 -0 .9 4 0 0.305 0.497 0.648
297.660 -0 .6 8 5 0.029 0.045 - 0.432 - 0.934 0.306 0 .502 0.663
298.631 - 0.692 0 .036 0 .040 - 0.436 -0 .9 3 5 0.308 0.497 0.661
298.638 -0 .68 6 0.038 0.043 - 0.447 -0 .9 3 7 O.306 0.501 0.661
298.646 -0 .6 8 8 0.029 0.044 - 0.435 -0 .9 3 9 0.304 0.501 0.657
298.652 -0 .68 6 0.028 0.046 -0 .4 4 8 - 0.927 O.3O6 0.504 0.657
298.660 - 0.690 0.035 0.033 -0 .44 5 -0 .9 3 6 0.308 0.494 0 .658
299.612 -0 .6 9 8 0.038 0.030 -0 .42 7 - 0.938 0.309 0.493 0.669
299.620 - 0.693 0.037 0.034 - 0.435 -0 .9 3 9 0.313 0.494 0.662
299.627 -0 .6 8 2 0.036 0.039 -0 .4 4 5 - 0.934 0.309 0.496 0.663
299.639 -0 .6 9 5 0.036 0.032 - 0.434
299.647 - 0.694 0.039 0.035 -0 .441 - 0.929 0.309 0.502 0.655
299.654 -0 .68 6 0.039 0.041 -0 .4 4 8 - 0.930 0.307 0.500 0.663
299.661 -0 .6 8 7 0.033 0.039 -0 .44 3 - 0.930 0.305 0.501 0 .662
299.669 - 0.689 0.033 0.034 - 0.432
300.615 -0 .6 8 8 0.033 0.040 - 0.438 - 0.934 0.306 0.501 0.663
300.627 -0 .680 0.032 0.043 - 0.436 - 0.938 0.312 0.489 0.671
300.634 - 0.692 0.040 0.035 - 0.434 -0 .931 0.306 0.502 0 .659
300.641 -0 .6 8 4 0.034 0.043 -0 .4 4 8 -0 .9 3 6 0.307 0.489 0.667
300.648 -0 .6 8 9 0.039 0.037 - 0.439 - 0.934 0.308 0 .502 0.664
300.655 - 0.675 0.034 0.051 - 0.449 - 0.929 0.305 0.498 0 ,664
300.664 -0 .6 7 2 0.031 0.044 -0 .4 4 5 -0 .9 3 5 0.306 0.491 0.669
301.612 -0 .6 7 3 0.040 0 .044 - 0.432 -0 .9 3 8 0.312 0.491 0.657
301.621 -0 .6 6 4 0.034 0.045 - 0.431
303.631 -0 .6 7 3 0.032 0.063 -0 .4 1 2
303.641 -0 .68 0 0.040 0.055 -0 .411 - 0.932 O.3O8 0.501 0.657
303.652 —0.682 0.044 0.052 -0 .4 0 6 -0 .9 3 7 0.307 0.496 0.666
303.660 - 0.676 0.040 0.051 -0 .4 0 3 -0 .9 3 6 0.307 0.497 0.661
303.669 -0 .68 6 0.040 0 .050 -0 .3 9 9 -0 .9 3 6 O.3O6 0.495 0.669
304.624 -0 .6 8 8 0.046 0.061 -0 .4 1 4 -0 .9 4 0 0.308 0.494 0.665
304.633 -0 .691 0.043 0.059 -0 .4 1 0 -0 .941 0.306 0.495 0.663
304.639 - 0.692 0.043 0 .060 -0 .4 1 9 -0 .9 3 6 0.304 0 .502 0 .660
304.648 -0 .6 8 8 0.043 0.059 -0 .411 - 0.934 0.305 0.497 0.668
304.658 -0 .6 9 4 0.046 0.055 -0 .4 0 7 -0 .941 0.307 0.488 0 .673
304.666 -0 .69 3 0.043 0.053 -0 .4 0 0
305.644 -0 .6 7 0 0.042 0 .058 -0 .3 8 4 - 0.930 0.311 0.492 0.666
305.651 -0 .6 6 8 0.043 0.065 - 0.397 - 0.927 0.298 0.502 0.661
305.658 —0.682 0.040 0.057 -0 .383 -0 .9 4 0 0.306 0.489 0.675
305.665 - 0.674 0.040 0.065 - 0.390 - 0.934 0.304 0.500 0.661
305.673 -0 .6 7 8 0.043 0.063 - 0.394 -0 .9 3 8 0 .308 0.499 0.661
306.615 - 0.663 0.042 0.053 - 0.372 - 0.943 0.311 0.493 0.668
306.621 -0 .6 7 2 0.035 0.064 - 0.356 -0 .9 3 5 0.309 0.492 0.667
306.629 -0 .66 8 0.037 0.057 -0 .3 7 6 -0 .941 0.311 0.492 0.664
306.635 —0.662 0.031 0.070 -0 .37 9 -0 .9 3 4 0 .304 0.499 0.664
306.643 —0.661 0.032 0.061 -0 .3 6 6 -0 .9 3 0 0.307 0.493 0.673
306.650 -0 .671 0.031 0.067 -0 .3 7 8 -0 .9 4 0 0 .303 0.498 0.658306.658 -0 .6 5 9 0.029 0 .072 -0 .3 7 9 -0 .9 3 3 0 .300 0.499 0.656
306.665 —0.663 0 .032 0 .062 -0 .3 7 4 -0 .93 1 0 .308 0.489 0.674
306.674 -0 .6 6 3 0.036 0.056 -0 .3 6 6 -0 .9 3 2 0.309 0.487 0.675306.682 —0.662 0.035 0.054 -0 .3 6 7 -0 .93 6 0 .314 0.492 0.666
307.614 -0 .66 8 0.032 0.065 -0 .3 6 3 -0 .9 3 4 0.308 0.492 0.651307.622 -0 .677 0.039 0 .074 -0 .3 6 7 -0 .93 7 0.307 0.495 0.666
307.629 -0 .66 9 0.032 0.072 —0.369 -0 .9 3 9 0.309 0.492 0.662
307.638 -0 .67 8 0.034 0.066 -0 .3 6 5 -0 .9 3 8 0.311 0.487 0.665
307.645 -0 .67 6 0.037 0.063 -0 .3 7 6 -0 .9 4 2 0.308 0.493 0.662307.652 -0 .689 0.040 0.064 -0 .3 6 3 -0 .9 3 8 0.309 0.494 0.668307.660 -0 .680 0.036 0.067 -0 .3 6 4 -0 .9 3 4 0.307 0.496 0.667
307.667 -0.681 0.034 0.067 -0 .3 6 8 -0 .9 4 0 0.309 0.492 0.676307.674 -0 .68 8 0.036 0.059 -0 .3 5 5 -0 .9 3 8 0 .303 0.494 0.663
Tab le  2 .1 2  T a rg e t, com parison and check s ta r  d e t a i ls  f o r
KS P e rs e i. The m agnitudes and c o lo u rs  a re  th e  average o f th e  9
n ig h t ly  means.
RA (1950 .0 ) Dec Sp V (b -y )  (v -b )  (u -b )
KS P e rs e i(V r)  04^45^20® +43°11 '1 9 " A5 7 .7 4 ^0 .0 4  0 .3 5 ^0 .0 1  0 .4 9 *0 .0 2  1.14+0.07
HD30196 (C) 04^43^56® + 4 3°1 8 '4 5 " FO 8 .43+0.04  0 .31+0.01  0 .44+ 0 .02  1 .56+0.05
HD30410 (K ) 04^45^52® +43^27 ’ 20" G8 7 .49+0 .04  0 .62+ 0 .02  0 .94+ 0 .02  2 .22+0.05







296 3 0 0 3052 4 4 6 0 0 0
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F ig , 2 .1 0  shows th a t  th e  a m p litu d e  o f th e  p h o to m e tr ic  
v a r ia t io n s  i s  la r g e s t  a t  th e  s h o r te r  w ave leng ths  w ith  a 0 .17  mag 
and 0.07 mag range in  u and V r e s p e c t iv e ly ,  and c o lo u r v a r ia t io n s  
o f  0 .10  mag and 0 .04  mag i n  (u -b )  and (v -b )  r e s p e c t iv e ly .  The V 
o b s e rv a tio n s  showed a dimming o f  0 .0 5  mag over th e  f i r s t  th re e  
n ig h ts ,  fo llo w e d  by a p e r io d ic  v a r ia t io n  o f  0 .0 2  mag w ith  a p e r io d  
o f  about 5 days ( id e n t i f y in g  l i g h t  maxima a t  JD 2446299 and JD 
2446304). The 5 -d ay  v a r ia t io n  i s  p re se n t i n  th e  u, v and b 
l ig h t - c u r v e s  b u t appears to  be superim posed on a s e c u la r , o r 
lo n g e r- te rm  dimming o f  KS P e rse i w h ich  i s  most severe i n  u. 
F u rth e r o b s e rv a tio n s  a re  needed to  c o n firm  the  r e a l i t y  o f  th e  5 -day 
p e r io d ic i t y .
2 .6 b  DISCUSSION
W ith  an e f f e c t iv e  te m p e ra tu re  o f  9 ,OOOK, KS P e rse i (HD30353) 
i s  th e  c o o le s t o f  th e  EHdBs. I t  a ls o  has th e  lo n g e s t b in a ry  p e r io d  
o f  360 days (Heard 1962). L ik e  a l l  th e  EHdBs, the  spectrum  o f 
KS P e rse i shows s tro n g  l in e s  o f  n i t ro g e n  w h i ls t  those o f carbon a re  
weak. W a lle rs te in  e t  a l . (1967) e s tim a te d  an extrem e n ^ :n ^  r a t io  
fo r  KS P e rse i o f 10^. D r i l l i n g  & Schonberner (1982) re p o r te d  th e  
d e te c t io n  o f a h o t companion from  a s tudy o f low  re s o lu t io n  lUE 
s p e c tra .
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P h o to m e tr ic  v a r ia t io n s  had p re v io u s ly  been noted i n  KS P e rse i 
by Bakos ( re p o r te d  by Heard 1962). A lthough  Osawa e t  a l .  (1 9 6 3 ), 
u s in g  Johnson ÜBV pho tom e try , f a i le d  t o  d e te c t th e  presence o f 
e c lip s e s  the y  re p o r te d  s e m i- re g u la r  l i g h t  v a r ia t io n s  o f  ~30 days 
o f  up to  0 .1 4  mag in  V, w h ich  may account f o r  th e  lo n g e r- te rm
dimming superim posed on th e  5 -d ay  p e r io d ic i t y  re p o r te d  he re . From 
th e  o r b i t a l  e lem ents g iv e n  by Heard (1 9 6 2 ), i t  i s  noted th a t  i f  
KS P e rse i i s  an e c l ip s in g  b in a ry  th e n  th e  v is ib le  component w ou ld  
have been e c l ip s in g  th e  in v i s ib le  component a t  about th e  tim e  o f
our o b s e rv a tio n s . I f  th e  p rim a ry  ( th e  v i s ib le  s ta r )  i s  a h e lium  
su p e rg ia n t i n  o r  near i t s  R oche-lobe  some 3 -5  m agnitudes b r ig h te r  
i n  th e  v i s ib le  re g io n  th a n  th e  companion as D r i l l i n g  & Schonberner 
(1982) suggest, th e n  e c lip s e s  w ou ld  oe sh a llo w  ( < 0.1 mag) and o f 
lo n g  d u ra t io n  ( ~ 30 d a y s ). However, p re v io u s  p h o to m e tr ic  and 
s p e c tro s c o p ic  m o n ito r in g  has f a i le d  to  d e te c t any evidence o f 
e c lip s e s . The 30-day s e m i- re g u la r  v a r ia t io n  re p o r te d  by Osawa e t  
a l . ( 1963) and Heard (1962) was observed a t  tim e s  when the  system
co u ld  n o t have been e c l ip s in g .  The p h o to m e tr ic  behav iou r o f
KS P e rse i i s  s im i la r  to  t h a t  observed i n  Ups Sgr f o r  w h ich  a 
s e m i-re g u la r  p u ls a t io n  p e r io d  o f  20 days w ith  an a m p litu d e  o f 0 .1 5  
mag i n  V has been observed (Chap. 3 ) .
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3* Photom etriG  O b se rva tio n s  and I n t e r p r e ta t io n  o f. U p a ilo n  S a g i t t a r i i
3.1
The EHdB Ups Sgr i s  a s in g le - l in e d  s p e c tro s c o p ic  b in a ry  w hich 
has an o r b i t a l  p e r io d  o f  138 days (W ils o n  1914) and shows hydrogen 
g r e a t ly  reduced in  i t s  atm osphere (n ^ /n ^ g  ^^  ICT^; Schonberner & 
D r i l l i n g  1983). An e f f e c t iv e  te m p e ra tu re  o f 10,500K has been 
e s tim a te d  from  lUE and g round-based o b s e rv a tio n s  ( D r i l l i n g  e t  a l .  
1984a). A lthough  th e  presence o f a companion has n o t been de te c ted  
a t  v i s ib le  w ave leng ths in  any o f th e  EHdBs, h o t companions have 
been d e te c te d  in  Ups Sgr and KS P e rse i from  u l t r a - v io le t  
o b s e rv a tio n s  ( D r i l l i n g  & Schonberner 1982, P a rth a s a ra th y  e t  a l .  
1986). Schonberner & D r i l l i n g  (1983) have proposed th a t  Ups Sgr 
c u r r e n t ly  c o n s is ts  o f  a h ig h ly  lum inous s u p e rg ia n t p rim a ry  o f ^1M ^ 
w h ich  i s  f i l l i n g  i t s  Roche lo b e  f o r  th e  second tim e  and 
t r a n s fe r r in g  mass tow ards th e  h o t te r  secondary. The id e a  o f 
m a ss-loss  from  the  p rim a ry  i s  suppo rted  by th e  presence o f 
a p p ro x im a te ly  s ta t io n a r y  l in e s  o f  Balm er e m iss io n  i n  th e  spectrum 
(Hack i 960) .  A dop ting  a p rim a ry  mass o f  1M^, th e  mass fu n c t io n  
f(M )= 1 .6 77  (Seyde l 1929) g iv e s  a minimum mass f o r  th e  secondary o f
Gaposchkin (1945) re p o r te d  th e  d e te c t io n  o f  e c lip s e s  in  
Ups Sgr from  p h o to g ra p h ic  p ho tom e try . Eggen e t  a l .  (1950) la t e r  
re p o r te d  th e  d e te c t io n  o f e c lip s e s  p h o to e le c t r ic a l ly  b u t o f o n ly  
o n e -h a lf  the  a m p litu d e  re p o r te d  by G aposchkin. In  b o th  cases th e  
l i g h t  cu rve  was p o o r ly  de te rm ined  and th e  e x is te n c e  o f e c lip s e s
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rem ained q u e s tio n a b le . However, th e  c o r r e la t io n  between th e  l i g h t  
m in im a  and th e  expected  tim e s  o f  e c lip s e s  from  th e  r a d ia l - v e lo c i t y  
cu rve  le a d  to  th e  b e l ie f  th a t  Ups Sgr was an e c l ip s in g  b in a ry  
system  o f th e  /S -Lyrae  ty p e . G re e n s te in  (1 9 5 0 ), and l a t e r  Hack 
( i 960) ,  a ttem p ted  to  c o r re la te  s p e c tra l v a r ia t io n s  w ith  th e  b in a ry  
phase. Hack examined spectrog ram s o b ta in e d  o ve r 163 c y c le s  and 
conc luded  th a t  th e  B -typ e  c h a r a c te r is t ic s  o f i t s  spectrum  are  
s tre n g th e n e d  r e la t i v e  to  th e  F -ty p e  c h a r a c te r is t ic s  a t  th e  phases 
between 0 -65  days w h ile  th e  in v e rs e  i s  t ru e  a t  phases between 80 
and 120 days, a lth o u g h  she found  e x c e p tio n s  i n  sane c y c le s .
D e te c t io n  o f  e c lip s e s  i n  th e  u l t r a - v io le t  re g io n  was c la im ed  
by Duvignau e t  a l . (1979) in  C opern icus and 82/68 s a t e l l i t e  d a ta . 
T h e ir  r e s u l t s ,  however, a re  based on p o o r ly  spaced o b s e rv a tio n s  a t  
9 d i f f e r e n t  phases. More im p o r ta n t ly ,  t h e i r  r e s u l t s  suggested th e  
presence o f  n o n -e c lip s e  re la te d  l i g h t  v a r ia t io n s .  Rao and 
Venugopal (1985) o b ta in e d  u l t r a - v io le t  o b s e rv a tio n s  w ith  th e  ANS 
s a t e l l i t e  a t  th e  e s tim a te d  t im e  o f  e c lip s e  o f  th e  secondary (phase 
0 .0 ) ,  as w e l l  as a t  phases 0 ,7  and 0 .3  (o b ta in e d  1.3 c y c le s  b e fo re  
and a f t e r  r e s p e c t iv e ly ) . They id e n t i f ie d  th e  presence o f a p a r t ia l  
e c lip s e  o f  the  secondary from  th e  fa c t  th a t  th e  o b s e rv a tio n s  a t  
phase 0 .0  a re  0 .17  mag and 0.11 mag f a in t e r  th a n  a t  phases 0 .7  and
0 . 3 .
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3 .2  O b se rva tio n s  
3 .2 a  OBSERVATIONAL DETAILS
Photom etry in  th e  uvby and UBV systems o f  Ups Sgr and two 
com parison  s ta r s ,  HD182645 and HD182678, was o b ta in e d  i n  th e  
in t e r v a l  1985 A pri l - September. O bse rva tio ns  i n  th e  uvby system
were made on 10 n ig h ts  o ve r a 21-d a y  p e r io d  w ith  th e  0 .5 -m  
te le s c o p e  a t  SAAO d u r in g  Apr i l - May by th e  w r i t e r .  F u r th e r  uvby 
o b s e rv a tio n s  were o b ta in e d  w ith  th e  0 .75-m te le sco p e  a t  OSN on 7 
n ig h ts  o ve r a 10-day p e r io d  i n  J u ly  by Mr S .A .B e l l,  and on 9 n ig h ts  
o ve r a 13-day p e r io d  i n  August by th e  w r i t e r  and 
Mr G. P .H .W il l in g a le .  ' UBV o b s e rv a tio n s  made w ith  a 0 .41 -m  te le sco p e  
on 55 n ig h ts  o ve r 125 days d u r in g  May-September a t  th e  Boy den 
O b se rva to ry , South A f r ic a  were k in d ly  s u p p lie d  by Mr G .J .M a lco lm  
and Mr S .A .B e l l .  In s tru m e n ta t io n , o b s e rv a t io n a l methods and 
re d u c t io n  te ch n iq u e s  to  th e  s tanda rd  system s f o r  th e  SAAO and OSN 
o b s e rv a tio n s  a re  d e s c r ib e d  in  S ec t. 1 .4 , w h ile  th e  Boyden 
o b s e rv a tio n s  have been d e sc rib e d  by M alcolm  & B e l l  ( 1986a, 1986b).
Only d i f f e r e n t i a l  m agnitudes were o b ta in e d , excep t a t  SAAO from  
w h ich  the  mean uvby m agnitudes and c o lo u rs  in  Tab le  3.1 are  
d e r iv e d ; n re p re s e n ts  th e  number o f o b s e rv a tio n s . The UBV d a ta  f o r  
th e  com parison s ta r  HD182645 i s  take n  from  N ic o le t  (1 9 7 8 ), frcm  
w h ich  (B -V ) and (U-B) have been e s tim a te d  f o r  Ups Sgr and HD182678 
u s in g  means o f  th e  d i f f e r e n t i a l  d a ta  in  Tab le  3 .3 .  The e s tim a te s  
f o r  Ups Sgr a re  in  good agreem ent w ith  those o b ta in e d  by D r i l l i n g  
e t  a l .  (1 9 8 4 b ). The uvby and UBV o b s e rv a tio n s  a re  ta b u la te d  in







F ig u re  3.1 D i f f e r e n t ia l  UBV pho tom etry  o f Ups S gr. The p lu s  s ig n s  
a re  V m agnitudes from  th e  Strcangren ’ y ’ o b s e rv a tio n s . The (B-V) 
and (U-B) cu rves  have been o f f s e t  by a r b i t r a r y  c o n s ta n ts .
F ig u re  3 .2  D i f f e r e n t ia l  uvby photom etry o f Ups Sgr. The cu rves  
have been o f f s e t  by a r b i t r a r y  c o n s ta n ts .
- 1.2
b-y X X%XXX X
CO v-bO - 1
DO
(XI u-b
170 190 2 0 0  260  
H J.D .-2446000
280270 200 300 310
Table 3.1 P o s it io n s  and mean uvby photometry of the programme stars .
n RA(1950) Deo Sp <V> <b-y> <v-b> <u~b> <B-V> <U-B>








0.01 -0 .5 6
HD182645 17 
Comparison
19^23^20® - 1 5 ° 0 9 ’ 14" B8V 5.715







0 .0 2 * - 0 . 3 4 *
HD182678
Check








0 .06 - 0 .0 7
N ic o le t  (1 9 7 8 ) .
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Tab les 3 .2  and 3 .3  r e s p e c t iv e ly .
A d d it io n a l h ig h -sp e ed  pho tom etry  w ith  a V f i l t e r  was c a r r ie d  
ou t by Mr G .J .M a lco lm  a t  Boyden on 1 n ig h t  i n  1986 August ove r a
4 -h o u r p e r io d  to  search f o r  s h o r t- t im e s c a le  v a r ia t io n s .  The 
o b s e rv a tio n s  c o n s is te d  o f  a t o t a l  o f  434 20-second in te g r a t io n s  o f 
Ups Sgr in  fo u r  ^-1-hour s e ts , w ith  a com parison s ta r  o b s e rv a tio n  
b e fo re  and a f t e r  each s e t.  O nly e x t in c t io n -c o r re c te d  d i f f e r e n t i a l  
m agnitudes in  th e  in s tru m e n ta l system  a re  p resen ted  (T a b le  3 .4 ) .
3 .2b  PHOTOMETRY
F ig . 3.1 shows th e  d i f f e r e n t i a l  UBV da ta  o b ta in e d  a t  Boyden, 
w ith  a d d it io n a l V m agn itudes frc m  th e  y o b s e rv a tio n s  o b ta in e d  a t  
th e  SAAO and th e  OSN. The t o t a l  b r ig h tn e s s  v a r ia t io n  ove r th e  153 
days o f m o n ito r in g  was 0 .17  mag. The co rre sp o n d in g  c o lo u r 
v a r ia t io n s  in  (B -V ) and (U-B) ( frc m  th e  Boyden o b s e rv a tio n s  o n ly )  
were 0 .1 8  mag and 0 .13  mag re s p e c t iv e ly .  The OSN o b s e rv a tio n s  were 
made a t  h ig h  a ir-m a sse s , w h i ls t  th e  Boyden o b s e rv a tio n s  were made 
when Ups Sgr was s itu a te d  c lo s e  to  th e  z e n ith .  Comparison o f  th e  
d i f f e r e n t ia l  V m agn itudes f o r  7 n ig h ts  on w h ich  o b s e rv a tio n s  were 
o b ta in e d  a t  bo th  Boyden and a t  th e  OSN show an a l l  d if fe re n c e s  o f a 
few hundredths o f a m agn itude . These d is c re p a n c ie s  a re  accou n ta b le  
i n  term s o f  th e  's c a t t e r *  in tro d u c e d  by th e  s h o r t- t im e s c a le  
v a r ia t io n s  d iscussed  i n  S ec t. 3 .3 b , and f ra n  o b s e rv in g  a t  h ig h  
a ir-m asse s . The l i g h t  cu rve  shows no evidence f o r  th e  presence o f 
e c lip s e s . From th e  ephem eris g iv e n  by P Iavec (1979) p r im a ry  
e c lip s e  (e c lip s e  o f th e  secondary by th e  p r im a ry ) sh ou ld  have
Table 3 .2 D i f f e r e n t ia l uvby photcm etry o f Ups S gr.
H .J .D . V a r ia b le  - Comparison Check -  Comparison
-2446000 V (b -y ) (v -b ) (u -b ) V (b -y ) (v -b ) (u -b )
171.633 mm .180 0.039 0.077 -0 .38 2
176.619 .198 0.031 0.075 -0 .359 0.998 -0 .0 3 2 0.047 0.350
176.647 .198 0.030 0.072 -0 .365 0.996 -0 .0 3 8 0.052 0.354
181.550 .156 0.043 0.101 -0 .303 0.996 -0 .0 3 4 0.050 0.346
182.513 .157 0.046 0.102 -0 .3 0 2 0.991 -0 .02 7 0 .048 0.343 Î
182.664 M» .153 0.043 0.100 -0 .3 0 0 0.999 -0 .0 3 5 0.051 0.349 J
185.527 .176 0.039 0.093 -0 .31 6 0.991 -0 .03 9 0.049 0.349 J
185.554 .174 0.036 0.095 -0 .31 5 1.004 -0 .04 7 0.042 0.342 ■
185.677 .177 0.042 0.090 -0 .321
186.483 .181 0.042 0.088 -0 .33 5 0.996 -0 .0 3 8 0.055 0.351 :
186.663 .181 0.040 0.085 -0 .3 3 4 0.997 —0.036 0.053 0.348
187.542 .196 0.041 0.078 -0 .357 0.997 - 0.037 0.049 0.343 4187.668 .196 0.041 0.080 -0 .35 0 0.996 - 0.037 0.052 0.344 ÎJi
188.465 - .200 0.045 0.080 -0 .3 5 8 1.001 -0 .0 3 6 0.055 0.350
190.582 .220 0.042 0.069 -0 .38 2 j
191.637 -■ .225 0.045 0.074 -0 .3 7 6
264.460 .128 0 .032 0.086 -0 .4 1 2 0.994 - 0.030 0.053 0.354 !;
266.427 .114 0.023 0.080 -0 .406 1.000 - 0.031 0.053 0.354
267.449 - .128 0.027 0.088 -0 .40 7 1.000 - 0.030 0.054 0.355 i
268.450 .120 0.029 0.088 -0 .4 0 5 0.993 - 0.031 0.054 0.357 *
269.417 .117 0 .032 0.088 -0 .41 6 0.995 - 0 .032 0.054 0 .358
269.473 .128 0.037 0.082 -0 .4 3 3 1.003 - 0.031 0.054 0.359
272.434 .167 0.036 0.074 -0 .4 6 0 0.997 - 0.033 0 .054 0.356
273.435 .182 0 .032 0.073 -0 .45 9 0.997 - 0.030 0.054 0.355 4295.446 .148 0.026 0.068 -0 .4 6 4 I1295.456 .142 0.024 0.075 -0 .48 2 1.002 - 0.031 0.051 0.343
297.361 .143 0.035 0.073 -0 .4 6 0
297.369 .132 0.029 0.071 -0 .4 5 4 1.008 - 0.037 0.061 0.349 .-j
298.369 - .151 0.034 0.068 -0 .4 3 0 0.985 - 0.031 0.043 0.366 1
298.374 - .131 0 .029 0.078 -0 .44 7
299.399 .146 0.030 0.079 -0 .43 5
299.407 .136 0.029 0.084 -0 .4 2 9 0.998 - 0.033 0.051 0.350
299.412 .134 0.030 0,085 -0 .42 0 ■?300.364 .128 0 .033 0.084 -0 .4 1 4
300.374 .127 0.029 0.087 -0 .42 2 0.985 - 0.030 0.051 0.350
300.384 .122 0.033 0.087 -0 .417 0.995 - 0.031 0.054 0.348 :
301.406 .115 0 .032 0.095 -0 .4 1 0 0.987 - 0.035 0.045 0.346 j
301.415 ■M .113 0 .032 0.096 -0 .407 0.992 - 0.033 0.056 0.346 1301.424 .104 0 .033 0.089 -0 .3 9 9 0.993 -0 .0 2 8 0.042 0.369 J
304.383 - .112 0 .034 0.089 -0 .38 0 0.992 -0 .0 3 3 0,051 0.353 '■J
304.395 .107 0.028 0.096 -0 .385 1.004 -0 .0 3 6 0.057 0.344
306.407 .141 0.021 0.087 -0 .393 .4
306.415 - .150 0 .026 0,086 -0 .40 6 1.006 - 0.037 0.057 0.354
306.423 .139 0.025 0.094 ^0 .422 0.984 - 0.031 0.050 0.350
307.470 — ' .173 0 .035 0.082 -0 .4 0 8 ■ “L:!
307.477 mm' .161 0.031 0.084 -0 .4 2 3 0.982 - 0.033 0.042 0 .358 1307.484 - .143 0 .029 0.093 -0 .42 9
a
Table  3 .3  D i f f e r e n t ia l  UBV pho tcm e try  o f Ups S gr.
H .J .D . V a r ia b le  -  Comparison Check -  Comparison
-2446000 V (B -V ) (U-B) V (B -V ) (U-B)
199.636 — .092 -0 .0 1 6 -0 .2 0 4 0.997 0.033 0.268
200.632 —* .099 0.000 -0 .1 9 5 0.989 0.034 0.273
201.620 - .111 0.095 -0 .281 0.981 0.041 0.265
202.473 - .097 - 0 .032 -0 .1 8 8 0.991 0.035 0.275
203.517 .127 0.007 -0 .2 2 5 0.984 0.037 0.266
204.607 .153 0 .028 -0 .2 3 9 0.991 0.026 0.275
209.529 .175 -0 .0 2 9 -0 .2 1 4 0.998 0.034 0.275
210.577 — .164 -0 .0 1 7 -0 .2 1 8 0.991 0.039 0.271
212.528 -■ .142 -0 .0 1 8 -0 .211 0.980 0.044 0.272
217.480 .107 0.016 - 0.207 0.981 0.045 0.281
221.481 -■ .072 - 0.039 -0 .1 5 3 0.994 0.035 0.280
222.511 -■ .082 0.000 -0 .2 2 0 0 .999 0.034 0.271
224.433 .089 - 0.009 -0 .2 0 4 0 .989 0.027 0.293
226.471 - .096 0.009 -0 .2 3 3 0.986 0.032 0.274
227.434 .119 0.022 -0 .251 0.987 0.033 0.274
229.387 — .133 -0 .0 0 5 -0 .2 1 9 0.995 0.033 0.261
233.589 .122 -0 .0 8 0 -0 .171 0.983 0.038 0.282
234.512 .146 -0 .0 1 6 -0 .2 4 5 0.993 0.024 0.282
235.446 .141 —0.001 -0 .2 4 9 0.988 0.038 0.279
236.504 .143 - 0.009 -0 .2 5 5 1.003 0.033 0.270
238.406 -■ .152 0.001 -0 .2 4 6 0.995 0.037 0.255
244.472 — .056 0.035 -0 .2 0 6 0.987 0.034 0.266
245.451 .089 0.032 - 0.190 0.986 0.040 0.272
246.430 .104 0.033 - 0.196 0.992 0.032 0.280
248.353 - .154 0.012 - 0.276 0.991 0.040 0.260
250.407 .158 -0 .0 1 6 -0 .2 1 5 0.993 0.034 0.277
253.430 .164 -0 .011 -0 .2 3 6 0.991 0.040 0.272
255.347 .176 -0 .0 1 3 -0 .2 5 5 0.987 0.038 0.269
256.368 .188 -0 .021 -0 .2 4 4 0.991 0.034 0.273
259.382 .189 -0 .0 0 2 - 0.271 0.988 0.037 0.273
261.340 .145 - 0.019 - 0 .229 0.991 0.032 0.269
265.436 .084 0.004 -0 .2 0 4 0.986 0.034 0.277
266.394 .088 0.015 - 0.203 0.985 0.045 0.275
273.316 .155 - 0.023 - 0.234 0.990 0.029 0.265
276.320 .171 -0 .0 5 7 -0 .1 9 8 0.991 0.043 0.267
277.356 -■ .167 -0 .051 -0 .2 0 2 0.998 0.038 0.267
279.432 -■ .164 -0 .0 2 8 -0 .2 3 6 0.984 0.041 0.265
281.373 .143 -0 .0 2 6 -0 .2 1 6 0.992 0.030 0.282
283.338 .125 0.004 - 0.233 0.987 0.040 0.265
284.313 -■ .128 0.000 -0 .2 2 0 0.982 0.038 0.273
287.372 .140 - 0.037 -0 .2 1 5 0.990 0 .044 0.267
288.284 .157 -0 .0 6 5 - 0.196 0 .988 0.035 0.274
289.284 .177 - 0.063 —0.206 0.986 0.043 0.258
290.333 .175 -0 .0 5 6 -0 .2 1 9 0.987 0.037 0.266
291.396 - .159 - 0.030 -0 .2 2 4 0 .988 0.035 0.278
294.442 - .123 0.012 -0 .2 6 1 0.996 0.021 0.271
295.428 — ' .121 0 .002 -0 .2 6 0 0.989 0.024 0.268
297.425 .130 0.023 -0 .2 6 7 0.994 0.027 0.272
299.282 .121 -0 .0 1 0 -0 .2 2 6 0.982 0.038 0.264
302.293 .059 -0 .0 1 2 -0 .1 9 9 0.983 0.037 0.272
304.296 .078 0.007 -0 .2 0 2 0.981 0.044 0.269
306.291 — ' .125 - 0.009 -0 .2 0 5 0.984 0.039 0.264
311.406 - .106 0.007 -0 .241 0.988 0.032 0.269
315.292 .133 0.011 -0 .2 4 3 0.987 0.033 0.276
323.262 -■ .172 - 0 .029 -0 .2 1 8 0.986 0.032 0.274
Tab le  3 .4  H igh-speed d i f f e r e n t i a l  V-band pho tcm e try  o f Ups Sgr on 
JD 2446648.
H .J .D . dV H .J .D . dV H .J .D . dV H .J .D . dV
0.24712 -1 .131 0.29771 -1 .132 0.33764 -1 .143 0.38491 .126
0.24825 -1 .128 0.29797 -1 .131 0.33791 -1 .141 0.38518 mm .129
0.25181 -1 .121 0.29823 “ 1 .131 0.33816 -1 .135 0.38544 .123
0.25208 -1 .122 0.29850 -1 .140 0.33892 -1 .142 0.38572 — .122
0.25435 -1 .126 0.29877 -1 .127 0.33918 mm ^ .146 0.38598 .123
0.25461 — 1 .123 0.29902 —1 .125 0.33945 -1 .148 0.38624 .125
0.25488 -1 .121 0.29929 -1 .116 0.33973 — 1 .149 0.38651 .129
0.25514 -1 .123 0.29956 -1 .123 0.33998 -1 .152 0.38678 .127
0.25542 -1 .123 0.29983 -1 .122 0.34025 -1 .151 0.38703 -■ .129
0.25600 -1 .124 0.30009 -1 .128 0.34051 -1 .146 0.38731 - .126
0.25625 -1 .130 0.30035 —1.134 0.34115 -1 .135 0.38757 — ' .123
0.25652 -1 .135 0.30062 -1 .128 0.34141 -1 .133 0.38784 - .121
0.25679 -1 .139 0.30088 -1 .147 0.34167 -1 .135 0.38850 - .120
0.25735 -1 .121 0.30114 -1 .135 0.34195 -1 .133 0.38877 .120
0.25763 -1 .118 0.30142 -1 .137 0.34222 1.140 0.38903 mm .124
0.25790 -1 .118 0.30168 -1 .127 0.34247 -1 .140 0.38929 .122
0.25815 -1 .112 0.30195 -1 .124 0.34274 -1 .143 0.38956 .124
0.25842 -1 .121 0.30220 -1 .129 0.34300 -1 .142 0.38983 -■ .129
0.25869 -1 .122 0.30247 -1 .121 0.34327 -1 .131 0.39010 .128
0.25894 -1 .126 0.30274 -1 .128 0.34353 -1 .125 0.39035 .122
0.25921 -1 .122 0.30301 -1 .133 0.34430 -1 .139 0.39062 .111
0.25948 -1 .128 0.30327 -1 .135 0.34456 -1 .144 0.39135 .124
0.25975 -1 .139 0.30353 -1 .136 0.34482 -1 .142 0.39161 .125
0.26000 -1 .127 0,30380 -1 .130 0.34509 -1 .144 0.39190 .123
0.26027 -1 .122 0.30407 -1 .137 0.34535 -1 .146 0.39216 .128
0.26054 — 1.125 0.30432 -1 .130 0.34562 -1 .144 0.39242 .131
0.26124 -1 .141 0.30459 -1 .125 0.34588 mm "I .147 0.39269 mm .132
0.26151 -1 .142 0.30536 -1 .128 0.34615 -1 .135 0.39296 .129
0.26178 — 1.143 0.30563 -1 .139 0.34642 -1 .132 0.39321 .124
0.26204 -1 .142 0.30590 -1 .138 0.34668 -1 .134 0.39349 -■ .123
0.26231 -1 .146 0.30615 -1 .137 0.34694 -1 .128 0.39375 .120
0.26257 -1 .148 0.30642 -1 .141 0.34880 -1 .121 0.39402 .120
0.26283 -1 .143 0.30668 -1 .139 0.34908 -1 .116 0.39428 — .122
0.26310 -1 .132 0.30696 -1 .144 0.34933 -1 .116 0.39454 .123
0.26385 -1 .134 0.30722 -1 .139 0.35084 -1 .134 0.39481 .122
0.26410 -1 .140 0.30748 -1 .130 0.35110 -1 .145 0.39507 .127
0.26437 -1 .140 0.30775 -1 .135 0.35137 -1 .137 0.39534 .129
0.26463 -1 .135 0.30801 -1 .129 0.35163 — 1 .129 0.39561 - .127
0.26489 “ 1.142 0.30827 -1 .134 0.35189 -1 .122 0.39587 - .124
0.26516 -1 .153 0.30853 -1 .139 0.35263 -1 .130 0.39614 - .122
0.26542 -1 .137 0.30881 -1 .140 0.35290 -1 .142 0.39709 .127
0.26570 — 1 .137 0.30908 -1 .142 0.35316 -1 .134 0.39735 - .128
0.25597 -1 .135 0.30988 -1 .127 0.35343 -1 .142 0.39763 wm .134
0.26622 -1 .139 0.31014 -1 .123 0.35369 -1 .141 0.39789 mm" .128
0.26649 -1 .129 0.31041 — 1 .115 0.35395 — 1 .145 0.39815 mm" .132
0.26675 -1 .135 0.31066 -1 .120 0.35422 -1 .140 0.39842 - .129
0.26701 -1 .135 0.31094 -1 .113 0.35450 -1 .140 0.39869 .129
0.26728 -1 .136 0.31121 -1 .115 0.35475 -1 .135 0.39894 .120
0.26755 — 1 .131 0.31147 -1 .117 0.35502 -1 .128 0.39921 .119
0.26782 -1 .138 0.31173 -1 .121 0.35528 -1 .127 0.39948 .120
0.26808 -1 .146 0.31200 -1 .122 0.35555 -1 .126 0.40012 .125
0.26834 -1 .132 0.31226 —1.130 0.35610 -1 .133 0.40039 -■ .128
0.26903 -1 .126 0.31253 -1 .129 0.35638 -1 .139 0.40064 mm" .130
0.26930 -1 .125 0.31279 mm 1 .123 0.35665 -1 .137 0.40091 mm .136
0.26958 -1 .130 0.31306 -1 .114 0.35690 -1 .135 0.40117 .131
0.26984 .133 0.31387 -1 .135 0.35717 -1 .122 0.40145 -1 .126
0.27010 .141 0.31413 —1.129 0.35744 -1 .125 0.40171 -1 .122
0.27036 .135 0.31439 -1 .135 0.35770 —1 .124 0.40197 -1 .124
0.27063 .140 0.31466 -1 .133 0.35796 “ 1 .126 0.40224 -1 .119
0.27090 .134 0.31492 -1 .143 0.35823 -1 .129 0.40250 -1 .119
0.27116 - .127 0.31520 -1 .140 0.35850 -1 .131 0.40276 -1 .119
0.27143 — ' .132 0.31547 -1 .139 0.35877 -1 .137 0.40303 -1 .126
0.27169 .130 0.31573 -1 .134 0.35902 -1 .142 0.40330 -1 .125
0.27196 - ■ .120 0.31600 -1 .125 0.35929 -1 .141 0.40357 -1 .130
0.27222 .128 0.31625 -1 .127 0.35955 mm "1 .141 0.40382 -1 .132
0.27248 - .129 0.31652 -1 .127 0.35983 — 1 .137 0.40409 -1 .122
0.27275 .138 0.31680 -1 .131 0.36009 -1 .135 0.40436 —1.118
0.27303 .130 0.31706 -1 .129 0.36035 mm *1 .137 0.40462 -1 .114
0.27328 .137 0.31732 -1 .136 0.36062 ~1 .131 0.40488 -1 .113
0.27355 .139 0.31759 —1 .135 0.36088 “ 1 .134 0.40570 -1 .127
0.27428 - ■ .116 0.31785 -1 .142 0.36114 -1 .136 0.40595 -1 .126
0.27453 -■ .115 0.31812 -1 .139 0.36141 -1 .136 0.40622 -1 .133
0.27480 .112 0.31837 “  1 .130 0.36168 -1 .139 0.40649 wm *1 .132
0.27536 .126 0.31865 -1 .124 0.36194 — 1 .140 0.40675 -1 .124
0.27564 - .117 0.31923 -1 .126 0.36220 -1 .148 0.40701 -1 .122
0.27591 - .126 0.31950 -1 .133 0.36279 -1 .125 0.40728 -1 .122
0.27616 .132 0.31975 -1 .125 0.36305 -1 .119 0.40755 -1 .118
0.27643 .129 0.32002 -1 .139 0.36381 “ 1.136 0.40782 -1 .119
0.27669 .125 0.32028 -1 .135 0.36409 — 1 .138 0.40808 -1 .116
0.27695 .119 0.32056 -1 .140 0.36436 -1 .141 0.40870 -1 .129
0.27723 - .121 0.32081 -1 .139 0.36461 -1 .142 0.40895 -1 .128
0.27749 .119 0.32108 -1 .132 0.36488 -1 .144 0.40922 -1 .131
0.27812 - .140 0.32135 —1 .128 0.36514 wm ^ ,141 0.40950 •M *1 .134
0.27944 .123 0.32161 -1 .122 0.36541 -1 .141 0.40976 -1 .129
0.28822 - .123 0.32187 -1 .125 0.36566 -1 .135 0.41002 -1 .125
0.28871 .122 0.32213 -1 .126 0.36594 -1 .140 0.41028 -1 .127
0.28899 - .126 0.32241 -1 .125 0.36621 -1 .133 0.41055 -1 .126
0.29132 - ■ .124 0.32292 -1 .137 0.36647 -1 .137 0.41081 -  1.122
0.29159 .122 0.32319 -1 .141 0.36673 -1 .137 0.41108 mm ^ .125
0.29186 .125 0.32344 -1 .141 0.36700 -1 .140 0.41135 -1 .131
0.29213 .131 0.32371 -1 .136 0.37695 -1 .118 0.41161 -1 .135
0.29240 — ' .127 0.32397 -1 .130 0.37789 -1 .137 0.41188 -1 .134
0.29267 .133 0.32425 -1 .127 0.38006 -1 .126 0.41247 -1 .126
0.29292 - ■ .136 0.32452 -1 .121 0.38033 -1 .126 0.41274 -1 .120
0.29319 .133 0.32477 -1 .122 0.38058 -1 .128 0.41299 -1 .127
0.29345 .128 0.32504 -1 .122 0.38085 -1 .128 0.41327 -1 .116
0.29373 .128 0.32531 -1 .134 0.38112 -1 .131 0.41353 -1 .119
0.29399 .119 0.32557 -1 .130 0.38137 -1 .136 0.41380 -1 .120
0.29425 .119 0.32590 -1 .133 0.38164 “ 1 .132 0.41406 -1 .126
0.29452 -■ .123 0.32693 -1 .125 0.38191 -1 .132 0.41432 -1 .125
0.29477 — .127 0.33483 -1 .136 0.38218 -1 .125 0.41459 -1 .126
0.29504 .132 0.33510 -1 .127 0.38245 -1 .123 0.41487 -1 .126
0.29531 .138 0.33538 -1 .124 0.38306 -1 .129 0.41512 -1 .127
0.29558 .138 0.33564 -1 .117 0.38333 -1 .131 0.41539 -1 .123
0.29585 - .135 0.33590 —1 .125 0.38359 -1 .132 0.41565 -1 .120
0.29610 .129 0.33616 —1 .126 0.38386 -1 .131 0.41624 -1 .114
0.29637 .130 0.33685 -1 .147 0.38413 -1 .134 0.41732 -1 .136
0.29664 - .123 0.33711 -1 .149 0.38439 -1 .136
0.29689 .122 0.33737 -1 .146 0.38466 -1 .136
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o o cu rre d  on JD 2446238, and secondary e c lip s e s  around JD 2446170 
and JD 2446308. W h ils t  l i g h t  m in im a do occur c lo s e  to  these  
e c l ip s e  tim e s  t h e i r  depths a re  n o t s ig n i f ic a n t  and the y  c o r re la te  
w ith  th e  20-day p u ls a t io n  p e r io d  d e s c r ib e d  below . The uvby 
o b s e rv a tio n s  a re  shown in  F ig , 3 .2 .  The c o lo u r changes in  (u -b )  
and (v -b )  appear to  be in  phase w ith  th e  V o b s e rv a tio n s . Any 
changes i n  (b -y )  a re  comparable to  th e  s c a t te r  i n  th e  da ta .
3 .3  Frequency a n a ly s is  
3 .3 a  LONG-TERM VARIABILITY
The l i g h t  v a r i a b i l i t y  o f Ups Sgr appears q u a s i-p e r io d ic .  
I d e n t i f y in g  su ccess ive  m inim a in  th e  l i g h t  cu rve  (F ig .  3 .1 )  a t  
JD 2446181, 199, 221, 244, 265, 283 and 302, a c h a r a c te r is t ic
p e r io d  f o r  Ups Sgr o f 2 0 .2 ^2 .0  days i s  e s tim a te d . F e rn ie  (1982) 
used a s im i la r  tech n iq ue  to  de te rm ine  a p u ls a t io n  p e r io d  o f 46*5 
days f o r  RCrB. A F o u r ie r  a n a ly s is  o f th e  d a ta  in d ic a te d  
p e r io d ic i t i e s  o f 2 0 .9 , 20 .8  and 20.7 days p re se n t i n  th e  in d iv id u a l  
U, B and V l i g h t  cu rves o f  Ups Sgr r e s p e c t iv e ly .  Many o f  the  
v a r ia t io n s  i n  h y d ro g e n -d e f ic ie n t  s ta r s  may be q u a s i-p e r io d ic  as th e  
p u ls a t io n s  appear to  be e x tre m e ly  n o n -a d ia b a t ic  (T r im b le  1972, Saio  
e t  a l .  1984). In  t h i s  case a F o u r ie r - ty p e  a n a ly s is  i s  
in a p p ro p r ia te  s in ce  i t  searches f o r  s t r i c t l y - p e r io d ic  v a r ia t io n s .  
Phasing th e  d a ta  from  each passband on i t s  dom inant fre qu e ncy  found 
from  the  F o u r ie r  a n a ly s is  shows a s u b s ta n t ia l s c a t te r  about th e  
f i t ,  in d ic a t in g  th e  inadequacy o f  th e  s o lu t io n .  An in s p e c t io n  o f 
th e  power spectrum  o f th e  (U-B) o b s e rv a tio n s  shows a s ig n i f ic a n t
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F ig u re  3-3 D i f f e r e n t ia l  V o b s e rv a tio n s  o f Ups Sgr on JD 2446648. 
T h is  i s  an a lm ost co n tin u o u s  l i g h t  cu rve  4 .1  h r  lo n g  and shou ld  be 
read  l e f t - t o ~ r i g h t ,  to p  to  bo ttom . The a rrow s in d ic a te  l i g h t  
maxima o f the  239~sec p e r io d .
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peak co rre sp on d ing  to  a p e r io d  o f  20 .7  days, in  agreement w ith  th a t  
found  from  th e  in d iv id u a l  Ü, B and V l i g h t  cu rve s .
3 .3b  SHORT-TIMESCALE VARIABILITY
A v is u a l in s p e c t io n  o f  th e  d a ta  f o r  1986 August 5 /6  (F ig .  3 .3 )  
in d ic a te s  sm a ll lu m in o s ity  v a r ia t io n s  w ith  a p e r io d  o f  about 4 
m inu tes . T h e ir  a m p litu d e  i s  v a r ia b le ,  b u t w ith  a t y p ic a l
p e a k -to -p e a k  range o f  --0 *0 2  mag. These v a r ia t io n s  a re  re m in is c e n t 
o f  a n o n - r a d ia l ly  p u ls a t in g  w h ite  dw a rf (eg . ZZ C e t i,  Robinson 
1979). A mean p e r io d  can be e s tim a te d  by m easuring  th e  tim e  
between co n se cu tive  l i g h t  maxima, w hich a re  marked by a rrow s in  
F ig .  3 . 3 . From 35 measurements a mean p e r io d  o f  0.00278^0.00031
days (240 sec) i s  e s tim a te d . The e r r o r  i s  c o n s is te n t  w ith  random
measurement e r ro rs .
The da ta  was searched f o r  s t r i c t l y - p e r io d i c  c o n te n t in  th e  
fre qu e ncy  range 1-5000 c y c le s  day" w ith  th e  F o u r ie r -a n a ly s is  
package PULSAR ( S k i l le n  1985 ). The power spectrum  o f  th e  d a ta  
showed th e  presence o f  a s tro n g  peak a t  «--360 c y c le s  day"^ 
(F ig s .  3 .4  & 3 . 5 ) .  The s o lu t io n  was o p tim is e d  to  361 c y c le s  day"^ 
( 0.00277 days = 239 sec) by sweeping th e  d a ta  w ith  a s ine-w ave over 
a sm a ll frequency  range. Observed m inus c a lc u la te d  tim e s  o f  l i g h t  
maxima a re  shown in  F ig .  3 .6  u s in g  p e r io d s  o f  239 sec and 240 sec 
(fo u n d  from  th e  F o u r ie r  a n a ly s is  and from  th e  mean d u ra t io n  between 
l i g h t  maxima r e s p e c t iv e ly )  phased w ith  re s p e c t to  th e  f i r s t  l i g h t  
maximum a t  HJD 2446648.25679. I t  i s  o b v io u s  th a t  th e  239-sec 
p e r io d  re p re s e n ts  a b e t te r  f i t  to  th e  d a ta . T e s ts  were made u s in g
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F ig u re  3 .5  An expanded p lo t  o f th e  power spectrum  o f  F ig u re  3 .4 .
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d i f f e r e n t  s p e c tra l windows ( th e  tra n s fo rm  o f  th e  d a ta  window) to  
id e n t i f y  any a l ia s e s  th a t  m ig h t be in tro d u c e d  in t o  th e  power 
spectrum  from  r e g u la r i t ie s  i n  th e  d a ta  sam p ling . The broad re g io n  
o f  enhanced power ce n tre d  around 3800 c y c le s  day”  ^ i s  a l ia s in g  from  
th e  sam p ling  in t e r v a ls .  The power s p e c tra  o f  th e  d a ta  subse ts  
u s in g  o n ly  th e  f i r s t  q u a r te r ,  and th e  m id d le  h a l f  o f  th e  da ta , 
s im i la r ly  showed peaks a t  361 c y c le s  d a y "^ . An independent 
c o n f irm a t io n  o f  th e  s ig n if ic a n c e  o f  th e  239-s e c  p e r io d  was made 
u s in g  a s t r in g - le n g th  o r p h a s e -d is p e rs io n  m in im is a t io n  tech n iq ue  
(D w oretsky 1983). The 239-sec p e r io d ic i t y  was removed by the  
re g re s s io n  o f  a s ine -w ave  on th e  d a ta , and th e  power spectrum  o f 
th e  p re -w h ite n e d  d a ta  examined f o r  evidence o f  any rem a in in g  
p e r io d ic  c o n te n t. S ig n i f ic a n t  peaks a re  p re s e n t a t  8 (2 .7  h r)  and 
52 (28 m in) c y c le s  day \  which a re  a ls o  p resen t, in  th e  power
spectrum  o f  th e  unw hitened d a ta  (F ig .  3 .5 ) .  The peak a t  2 .7  h r  i s  
an a l ia s  in tro d u c e d  by sm a ll-m a gn itu de  s h i f t s  between th e  4 
component d a ta  se ts , w h ich  a re  a r t i f a c t s  o f  th e  o b s e rv a t io n a l and 
re d u c t io n  te ch n iq u e s . The peak a t  26 m in appears to  be re la te d  to  
an a p p a re n tly  s e c u la r  b r ig h te n in g  o f  Ups Sgr w h ich  occu rre d  over 
th e  f i r s t  p a r t  o f th e  o b s e rv a tio n s  and can be seen most c le a r ly  in  
th e  p re -w h ite n e d  da ta  o f  F ig ,  3 .7 .
The frequency  r e s o lu t io n  i s  e s tim a te d  from  1 ,5 /T ^ 9  c y c le s  
day ^ , where T i s  th e  tim espan  in  days o f  th e  o b s e rv a tio n s  (Loumos 
& Deeming 1978). The w id th  o f  th e  peak a t  361 c y c le s  day"^ in  th e  
power spectrum  is  due e n t i r e ly  to  th e  r e s o lu t io n  o f  th e  d a ta  s e t 
show ing th a t  the  o s c i l l a t i o n  i s  p e r io d ic  w ith  c o n s ta n t frequency  
over th e  tim espan o f  th e  o b s e rv a tio n s . The power spectrum  o f  a
F ig u re  3 .6  0-C f i t s  to  th e  l i g h t  maxima in d ic a te d , i n  th e  d a ta  o f
F ig u re  3 .3  u s in g  a 239-sec ( f i l l e d  squares) and a 240 -sec p e r io d , 
b o th  phased to  th e  f i r s t  l i g h t  maximum a t  HJD 2446648.25679. The 
re s id u a ls  from  th e  f i t  w ith  th e  240-sec p e r io d  have been s h i f te d  in  
o rd in a te  by -0 .3 5  c y c le s .
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F ig u re  3 .7  The da ta  o f F ig u re  3 .3  w ith  th e  239-sec p e r io d  
f i l t e r e d  ou t by re g re s s io n  o f a s ine-w ave on th e  d a ta . Zero 
m agnitude i s  a r b i t r a r i l y  d e fin e d , and tim e  i s  HJD-2446648.0.
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q u a s i-p e r io d !G v a r ia t io n  w ou ld  be expected to  show a broad re g io n  
o f  enhanced power c e n tre d  on th e  mean p e r io d  o f  th e  o s c i l la t io n .  
T ha t th e  d a ta  d is p la y s  i r r e g u la r  v a r ia t io n s  th a t  rem a in  a f t e r  
p re -w h ite n in g  shows th e  inadequacy o f  a d e s c r ip t io n  o f  th e  l i g h t  
cu rve  in  te rm s o f  a s in g le  s ine -w ave. The v a r ia t io n s  a re  
s u f f i c i e n t l y  t r a n s ie n t  th a t  no p e r io d ic i t ie s  a re  e v id e n t.  I t  i s  
no ted  th a t  m ass-exchang ing b in a ry  systems o f te n  show ra p id  
f l i c k e r in g  on t im e s c a le s  o f  m inu tes  w h ich  appear as random and 
u n p re d ic ta b le  v a r ia t io n s  i n  b r ig h tn e s s  (R ob inson e t  a l .  1987).
3 .4  D is c u s s io n
3 .4 a  THE ORIGIN OF THE 20-DAY VARIABILITY
The fo u r  known EHdBs a l l  show p h o to m e tr ic  v a r i a b i l i t y .  
KS P e rse i shows i r r e g u la r  l i g h t  (0 .1 5  mag i n  V) and c o lo u r 
v a r ia t io n s  on a t im e s c a le  o f '-3 0  days (Heard 1962, Osawa e t  a l .  
1963) .  The presence o f  a d d it io n a l p e r io d ic ,  s m a lle r -a m p litu d e  
v a r ia t io n s  (0 .0 2  mag) o ve r about 5 days i s  suggested i n  S ec t, 2 .6 .  
CPD-58°2721 shows q u a s i-p e r io d ic  l i g h t  (0 .17  mag i n  V) and c o lo u r 
v a r ia t io n s  w ith  a c h a r a c te r is t ic  p e r io d  o f  9 .4 ’**1.5 days (Chap. 4 ) .  
The w r i t e r  i s  n o t aware o f any d e ta ile d  p h o to m e tr ic  s tu d ie s  o f  
LSS 4300 , b u t L a n d o lt  (1986b) r e p o r ts  a range in  b r ig h tn e s s  o f  0 .1 5  
mag o ve r 3 ye a rs  and th e  p o s s ib i l i t y  th a t  LSS 4300 may show maximum 
changes i n  b r ig h tn e s s  o ve r a tim e  in t e r v a l  as s h o r t  as a day.
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The RGB s ta r  RY Sgr (T ^^^= 7 ,1 OOK) and th e  EHe s ta r  BD+1°4381
(T^^^=9,500K) have p u ls a t io n  p e r io d s  o f  about 38 (F e a s t 1979) and
21 days (S e c t. 2 .1 )  r e s p e c t iv e ly ,  and a re  c o n s is te n t  w ith  r a d ia l
p u ls a t io n  o f th e  s ta r  i n  th e  fundam en ta l mode (S a io  1986). The
p u ls a t io n  p e r io d  P o f  a s ta r  i s  r e la te d  to  i t s  mean s t e l l a r  d e n s ity
1 /2p by the  r e la t io n s h ip  Q=P p , where Q is  th e  p u ls a t io n  
c o n s ta n t. T h is  can be r e w r i t t e n  as Q=Pg^^^M~^^^, where g and M are  
th e  su rface  g r a v i t y  and mass re s p e c t iv e ly .  A dop ting  M=1M^ and 
lo g  g=0.65 f o r  RY Sgr (S chonberner 1975) g iv e s  0 .055  f o r  th e  va lu e  
o f Q. For Ups Sgr we have M=1M^ and lo g  g=1.0 (Hack & P a s in e t t i  
1963, Schonberner & D r i l l i n g  1983) w hich le a d s  to  Q=0.054. The 
c o n s is te n cy  o f th e  Q -e s tim a te s  sugges ts  th a t  th e  p u ls a t io n a l 
c h a r a c te r is t ic s  a re  s im i la r  in . th e s e  s ta rs  and i s  ev idence th a t  
Ups Sgr may a ls o  be p u ls a t in g  i n  th e  fundam enta l mode. A 
P e rio d -T g ^^  r e la t io n  f o r  r a d ia l  p u ls a t io n  in  th e  e x trem e ly  
h y d ro g e n -d e f ic ie n t s ta r s  appears to  be em erging and th e  20-day 
p e r io d  o f  Ups Sgr f i t s  w e l l  in t o  t h i s  sequence. There i s  no 
ev idence  f o r  th e  presence o f e c lip s e s .  That th e  o b s e rv a tio n s  o f 
G aposchkin (1945) and Eggen e t  a l .  (1950) were m is in te rp re te d  
would seem to  be due to  th e  sparseness and in co m p le te  n a tu re  o f the  
o b s e rv a tio n s , and th e  f o r t u i t o u s  agreement o f  l i g h t  m inim a w ith  the  
expected tim e s  o f  e c lip s e s .  In  v iew  o f t h i s  th e  w r i t e r  i s  
s c e p t ic a l o f  th e  re p o r ts  o f  e c lip s e s  i n  th e  u l t r a - v io le t  re g io n . 
The presence o f e c lip s e s  i n  Ups Sgr has y e t  to  be co n firm e d , and i f  
e c lip s e s  do occur they  must be o f  such sm a ll a m p litu d e  ( ^  0.1 mag) 
in  th e  v is ib le  re g io n  th a t  the y  a re  masked by the  l i g h t  v a r ia t io n s  
due to  p u ls a t io n  o f  th e  p r im a ry .
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Using s y n th e t ic  c o lo u rs  c a lc u la te d  from  model s t e l l a r  
atm ospheres Heber & S chonberner (1981) re la te d  UBV c o lo u rs  and 
e f f e c t iv e  tem pe ra tu res  f o r  th e  EHe s ta rs  by a re d d e n in g -fre e  
param eter q w hich the y  d e f in e d  as ;
q = (U -B )-C (B -V )-b (B -V )2  
where C =a-2b(B -V )^, and a and b re p re s e n t th e  s lo p es  o f  th e  
red de n ing  l in e s  in  th e  UBV system . As th e  la s t  two term s on th e  
r ig h t-h a n d  s ide  o f  th e  e x p re s s io n  a re  s m a ll f o r  Ups Sgr, we f in d  
q ^ ( U - B ) , S im i la r ly ,  uvby c o lo u rs  and e f f e c t iv e  tem pe ra tu res  f o r  
th e  EHe s ta rs  a re  r e la te d  by a re d d e n in g - fre e  in d e x  [c ^ ]  g iv e n  by : 
[ c ^ ]  = c ^ -O . I ( b - y )
For Ups S gr, [ c ^ ] : p ( u - b )  as (b -y )  and (v -b )  a re  s m a ll, so th a t  
changes in  (U-B) and (u -b )  a re  bo th  in d ic a t iv e  o f tem pe ra tu re  
changes. As th e  in d iv id u a l  U ,B ,V  and u , v , b , y  l i g h t  cu rves  a re  in  
phase w ith  th e  (U-B) and (u -b )  v a r ia t io n s  re s p e c t iv e ly ,  i t  
in d ic a te s  th e  te m p e ra tu re  and lu m in o s ity  v a r ia t io n s  a re  in  phase.
G re e n s te in  (1950) and Hack ( I9 6 0 )  re p o r te d  th a t  th e  spectrum 
o f  Ups Sgr shows changes i n  th e  s tre n g th s  and p r o f i le s  o f l in e s .  
The changes in  a b s o rp t io n  l i n e  s tre n g th s  e x h ib i t  a s tro n g  
dependence on e x c i t a t io n  p o te n t ia l ,  w ith  changes most marked in  
l in e s  o f  low  e x c i ta t io n .  T h is  b e h a v io u r o f  Ups Sgr i s  v e ry  s im i la r  
to  th a t  observed in  th e  spectrum  o f  CPD-58°2?21 (S e c t. 5 .2 a ) which 
shows marked changes i n  th e  s tre n g th s  o f  lo w - e x c i ta t io n  l in e s  on a 
t im e s c a le  o f days. As i n  th e  case o f  CPD-58^2721, th e  changes o f
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l in e  s tre n g th s  in  Ups Sgr a re  in te r p r e te d  as c o n f irm a tio n  o f  
te m p e ra tu re  changes o f  th e  p rim a ry  s ta r  d u r in g  p u ls a t io n .  The 
phase dependence re p o r te d  by Hack ( I9 6 0 ) between th e  s p e c tra l
changes i n  th e  a b s o rp t io n  l in e s  and th e  b in a ry  p e r io d  was p ro b a b ly  
n o t r e a l ,  b u t due to  th e  da ta  sample be ing  d is t r ib u te d  i n  such a 
way as to  im p ly  th a t  th e  dependence was r e a l .
3 .4 b  THE ORIGIN OF THE 239-SECOND VARIATION
Such a s h o r t  p e r io d ic i t y  has n o t p re v io u s ly  been re p o r te d  in
th e  EHdBs. M ig h t th e  239-sec p e r io d ic i t y  be id e n t i f i e d  w ith  th e
secondary? For a secondary a t  le a s t  10 tim e s  f a in t e r  th a n  th e
p r im a ry  in  th e  v i s ib le  re g io n  (so  as n o t to  be d e te c te d  i n  th e
sp e c tru m ), th e  observed change o f  '--0 .02  mag (2$ ) i n  V in  th e
system  re q u ire s  th e  secondary to  be chang ing by more th a n  0 .2  mag
(20%) o v e r 4 m in u tes . Such s h o r t-p e r io d  o s c i l la t io n s  a re  known to
occur i n  s in g le  w h ite  dw a rfs  and those  in  c lo s e  b in a ry  systems
where th e  v a r ia t io n s  have u s u a lly  been a s s o c ia te d  w ith  n o r> -rad ia l
o s c i l la t io n s  (N a th e r 1978, Robinson 1979). However, th e  a m p litu d e s
o f  th e  o s c i l la t io n s  a re  t y p ic a l l y  o n ly  about 1%. W ith  a mass
^  3Mg, th e  secondary cannot be such a h ig h ly  evo lved  o b je c t  as a
w h ite  d w a rf. A p a rt from  th e  Sun, th e  o n ly  m ain-sequence s ta rs  th a t
show l i g h t  v a r i a b i l i t y  on a t im e s c a le  le s s  th a n  about 20 m in a re
th e  r a p id ly  r o ta t in g  Ap s ta r s  (K u rtz  1985), bu t a g a in  th e  a m p litu d e
o f th e  v a r ia t io n  i s  o n ly  about 1%. The sound speed in  th e  o u te r
la y e r s  o f  th e  p r im a ry , v ^ , i s  g iv e n  a p p ro x im a te ly  by th e  r e la t io n
1 /2Vg'-' (k T /  yum^) where k i s  th e  Boltzm ann c o n s ta n t, T the
te m p e ra tu re , p. the  mean m o le c u la r w e ig h t o f  th e  p a r t ic le s ,  and m^
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th e  mass o f  th e  hydrogen atcm . For an envelope p re d o m in a n tly  o f 
h e lium , and s u b s t i t u t in g  T=T^^^, th e  sound speed i s  6 km s~^, so 
th a t  in  4 m inu tes  a p e r tu rb a t io n  w i l l  have propagated o n ly  
'- lO ^km .
I t  seems, th e re fo re ,  th a t  th e  239-seo o s c i l la t io n  i s  a su rfa ce  
e f f e c t  in v o lv in g  o n ly  th e  o u te rm o s t la y e rs  o f  th e  atm osphere o f th e  
s ta r .  I t  i s  now re co gn ise d  t h a t  m ost, i f  no t a l l  s u p e rg ia n ts  
d is p la y  p h o to m e tr ic  v a r i a b i l i t y  on t im e s c a le s  o f  hours  to  ye a rs  (de 
Jage r 1980). The lo w e r l i m i t  a r is e s  because o f th e  la rg e  s iz e  o f 
th e  o b je c ts  and th e  c o rre s p o n d in g ly  lo n g e r t r a v e l tim e  compared to  
more compact s ta r s .  The 2 39 -sec  v a r ia t io n  appears th e re fo re  to  be 
incong ruous  w ith  an e x p la n a t io n  in v o lv in g  p u ls a t io n  o f th e  
s u p e rg ia n t p rim a ry  ( o r  th e  f a i n t e r  m ain-sequence secondary) because 
o f  th e  s m a ll- t im e s c a le  o f  th e  v a r ia t io n s  w hich im p lie s  a more 
compact o b je c t .  However, L a n d o lt  (1986a) re p o r ts  th a t  photom etry 
o f  th e  s u p e rg ia n t EHe s ta r  LSS 3378 (T^^^=9,400K) suggests  th a t  i t  
may be q u a s i-p e r io d ic  on th e  o rd e r o f se ve ra l m inu tes , and th a t  
t h i s  appears to  be superim posed on a lo n g e r- te rm  v a r ia t io n  o f  
perhaps 0.243 days, w ith  t o t a l  a m p litu d e s  o f  0 .06  mag and 0.1 mag 
re s p e c t iv e ly  in  V.
There i s  no ev idence  to  suggest th a t  the  2 3 9 -sec v a r ia t io n  i s  
an in s tru m e n ta l e f f e c t ,  such as m ig h t a r is e  from  a p e r io d ic  e r r o r  
i n  th e  te le sco p e  d r iv e .  O b se rva tio n s  o f  o th e r v a r ia b le  s ta rs  w ith  
a s im i la r  o b se rv in g  s t y le  showed no s im i la r  e f fe c ts .  D r i f t in g  a 
s ta r  ac ross  th e  p h o to n e te r a p e r tu re  d id  n o t produce any m easurable 
v a r ia t io n s  in  c o u n t- ra te  u n t i l  th e  s ta r  approached th e  a p e rtu re
Page 47
edge, so ’ w o rm -e rro r ’ v a r ia t io n s  shou ld  have l i t t l e  o r no e f f e c t .  
The p o s s ib i l i t y  o f  a f a i n t  s ta r  on th e  edge o f  th e  a p e rtu re  
d r i f t i n g  i n  and o u t o f  v ie w  can be d isco u n te d . Such a s ta r  w ould  
have to  be 9 th  m agnitude and about 30" from  Ups Sgr, b u t none i s  
v i s ib le  on Palomar c h a r ts  o r l i s t e d  in  any s ta r  ca ta lo g u e . The 
pseudo-random o b s e rv in g  s t y le  w ou ld  seem to  make i t  im p o s s ib le  f o r  
an in s tru m e n ta l v a r ia t io n  to  r e t a in  i t s  phase in  each subsequent 
hour o f  o b s e rv a tio n s  a f t e r  each com parison s ta r  o b s e rv a tio n .
3 .5  M o d e llin g  th e  l i g h t  cu rve
S y n th e tic  b in a r y - s ta r  l i g h t  cu rve s  f o r  Ups Sgr w ere genera ted
u s in g  th e  l ig h t - c u r v e  s y n th e s is  code LIGHT ( H i l l  1979 ). A dop ting
th e  s p e c tro s c o p ic a lly  de te rm ine d  mass, fu n c t io n  o f  f(M )= 1 .677
(S eyde l 1929), models were computed a t  5 o r b i t a l  in c l in a t io n s  ( i ) ,
co rre sp o n d in g  to  secondary masses (M_) o f  3 , 5 , 8 , 12 and 15M . A td o
each in c l in a t io n ,  l i g h t  cu rves  w ere gene ra ted  a t  w ave leng ths  o f  
5500A and 1600A f o r  p r im a ry  r a d i i  R^  = R^, ^R^, and 1r^ ,  where Rj^  
re p re s e n ts  th e  Roche ra d iu s .  The p rim a ry  i s  assumed to  be a 1Mo
s u p e rg ia n t w ith  T^^^=10,500K and lo g  g = 1 .0 . As a consequence o f 
i t s  d e c re a s in g  share  o f  th e  t o t a l  mass o f th e  system f o r  d ecreas ing  
i ,  R rem ains n e a r ly  c o n s ta n t a t  about 50R in  a l l  th e  m odels.L 0
T h is  i s  com parable to  th e  ra d iu s  expected  f o r  a h e lium  s u p e rg ia n t 
a t  these tem pe ra tu res . The secondary i s  assumed to  be on th e  m ain 
sequence. E f fe c t iv e  te m p e ra tu re s  and r a d i i  f o r  the  secondary 
a p p ro p r ia te  to  i t s  m ain-sequence masses were adopted (A l le n  1973, 
M eye r-H o fm e is te r 1982 ), w ith  lo g  g=4.0 in  a l l  cases. The s iz e  o f 
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Phase
F ig u re  3*8 T h e o re t ic a l l i g h t  cu rves  g ene ra ted  a t  5500A f o r
Ups Sgr sca led  so th a t  phase 0 .25  i s  d e fin e d  to  have ze ro  
m agnitude. a) = b) ( to p )  and 81= ^8^ ( s h i f te d  by 0.21
mag). 0 Phase co rresponds t o  when th e  secondary i s  c lo s e r  to  us 
th a n  th e  p rim a ry .
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A s in i= A ^s in iC  1 + q ), where A ^ s in i i s  th e  s iz e  o f  th e  p r im a ry 's  o r b i t ,  
and q i s  th e  m a s s - ra t io  From Hack e t  a l .  (1980)
A ^sin i=93x10^km , w =29°, and an e c c e n t r ic i t y  o f 0 .0 5  so th a t  th e  
o r b i t s  a re  a lm ost c i r c u la r .  The lo n g itu d e  o f p e r ia s tro n , oj , i s  
p o o r ly  de te rm ined . R a d ia t iv e  and b la ck -bo d y  atm ospheres a re  
assumed th ro u g h o u t. The param ete rs  o f  th e  models a re  ta b u la te d  i n  
Tab le  3 .5 .
O nly th e  i=90  (Mgz3M^) model d is p la y s  e c lip s e s ,  and th e  
dep ths o f  th e  e c lip s e s  a re  sm a ll ( '^O .O I mag). For la rg e  v a lu e s  o f  
i ,  d is t o r t io n  o f  th e  R oche-lobe f i l l i n g  p rim a ry  g iv e s  r is e  to  
s ig n i f ic a n t  e l l ip s o id a l  l i g h t  v a r ia t io n s  o f up to  0 .4  mag 
(F ig .  3 .8 a ) .  A t i= 5 0 °  and 40° (M_=5M and 8M ) these  v a r ia t io n sc O O
a re  s t i l l  la r g e r  th a n  any p re s e n t i n  th e  observed l i g h t  cu rve . The 
e l l ip s o id a l  l i g h t  v a r ia t io n s  have become s u f f i c i e n t l y  sm a ll ( < 0 . 1  
mag) in  th e  i= 3 3 °  and 30° m odels (M„=12M and 15M ) so as to  maked 0
t h e i r  d e te c t io n  u n l ik e ly  due to  th e  presence o f th e  la r g e r  
p u ls a t io n - r e la te d  l i g h t  v a r ia t io n s .  Reducing th e  p rim a ry  . to  
th re e -q u a r te rs  o f  i t s  Roche ra d iu s  g r e a t ly  reduces th e  am p litud e  o f 
th e  e l l ip s o id a l  l i g h t  v a r ia t io n s  so th a t  t h e i r  d e te c t io n  would be 
d i f f i c u l t  f o r  i  50° (F ig .  3 .8 b ) .  Models w ith  th e  p rim a ry  ra d iu s  
s e t a t  h a l f  i t s  Roche ra d iu s  in d ic a te  th a t  t h e i r  d e te c t io n  would  be 
u n l ik e ly  even a t  i= 9 0 °  (F ig .  3 .8 b ) .  S p e c tro sco p ic  o b s e rv a tio n s  o f  
Ups Sgr suggest th a t  th e  p rim a ry  i s  f i l l i n g  i t s  Roche lo b e . The 
m odels a re  th e re fo re  o n ly  re c o n c ila b le  w ith  o b s e rv a tio n s  i f  th e  
system is  be ing  v iew ed a t  a s u f f i c i e n t l y  sm a ll in c l in a t io n  
( i  ^  30°) th a t  th e  e l l ip s o id a l  l i g h t  v a r ia t io n s  a re  n o t 
d e te c ta b le . The s m a ll in c l in a t i o n  im p lie s  a secondary
Table 3 .5  The param eters o f th e  model l i g h t  cu rves, 
a re  in  s o la r  u n i ts .
A, Mg and Rg
i ° A ^2 Te f f , 2 Sp
5500A L ^/L 2
\
1600A
90 178 3 2 10,000K AO 612 345 154 668 433 207
50 207 5 3 13,500K B7 113 62 27 25 15 7
40 234 8 4 17,000K B4 43 24 10 4 2 1
33 266 12 6 23,000K B2 12 6 3 0.46 0 .28  0
30 284 15 7 30,000K BO 5 3 1 0 .12 0.07  0
F ig u re  3 .9  Best f i t - b y - e y e  to  th e  observed l i g h t  curve  w ith  th e  
th e o r e t ic a l  l i g h t  cu rve  gen e ra te d  a t  5500A f o r  th e  case i= 3 0 °  
(Mg=15M^) and R  ^= R^. Phase i s  a r b i t r a r i l y  d e fin e d  to  be z e ro  to  
c o in c id e  w ith  th e  f i r s t  datum. I t  was necessary to  s h i f t  th e  
th e o r e t ic a l  cu rve  by 0 .4  c y c le s  r e la t i v e  to  th e  ephemeris g iv e n  f o r  






0 2 A 86
P h a s e
Page 49
mass ^  12Mg. F ig . 3*9 i s  a b e s t f i t - b y - e y e  o f  th e  th e o r e t ic a l
l i g h t  cu rve  f o r  i= 3 0 °  and = to  th e  observed l i g h t  cu rve , and
g iv e s  an id e a  o f th e  s iz e  o f  any e l l ip s o id a l  v a r ia t io n s
superim posed upon th e  20-day p u ls a t io n .
D ir e c t  o b s e rv a tio n  o f  th e  secondary i s  o n ly  p o s s ib le  i n  th e  
u l t r a - v io le t  re g io n . P a rth a s a ra th y  e t  a l .  (1986) examined 
h ig h - r e s o lu t io n  lUE s p e c tra  o f Ups S gr. They found  th a t  th e  near 
u l t r a - v io le t  (1600A-3200A) i s  dom inated by a b s o rp t io n  l in e s  o f 
s in g ly  io n is e d  m e ta ls  w h ich  show th e  same r a d ia l  v e lo c i t y  s h i f t s  as 
l in e s  i n  th e  v is ib le  re g io n  and must th e re fo re  a r is e  i n  th e  
pho tosphere  o f  the  p r im a ry . However, th e  f a r  u l t r a - v io le t  
( 1600A) i s  c h a ra c te r is e d  by a b s o rp t io n  l in e s  o f  m u lt ip ly - io n is e d
atoms (NV, CIV, S ilV )  w hich do n o t show d e te c ta b le  v e lo c i t y  s h i f t s  
and a re  a s s o c ia te d  w ith  th e  h o t, more m assive  secondary. The 
f lu x e s  o f th e  p rim a ry  and secondary must th e re fo re  be comparable 
near 1600A. F ig . 3*10 shows th e  lu m in o s ity  r a t io  o f th e  p rim a ry  
(L ^ ) t o  th e  secondary (L ^ ) from  th e  1600A m odels p lo t te d  a g a in s t 
Mg. The dashed l i n e  co rre sp o n d in g  to  L^=Lg re p re s e n ts  a b e s t f i t  
to  th e  o b s e rv a tio n s . For R^  = R^ i t  in d ic a te s  Mgj?;11M^. F ig . 3.11 
shows th e  r e s u l t s  f o r  th e  m odels a t  5500A. The s m a lle s t f l u x  r a t i o  
p e rm it te d  i f  th e  secondary i s  n o t to  be d e te c te d  i n  th e  v is ib le  
spectrum  is  marked w ith  a dashed l i n e  c o rre sp o n d in g  to  a secondary 
10 tim e s  f a in t e r  than  th e  p r im a ry . For R^=R^ i t  in d ic a te s  th a t
M.2 4  f a l l i n g  to  Mg ^  8M^ in  th e  m odels w ith
F ig u re  3 .10  T h e o re t ic a l lu m in o s ity  r a t io s  from  th e  1600A m odels
p lo t te d  a g a in s t secondary mass and s p e c tra l ty p e . □R^ = Rj ,^ 
3 1A r^s^ r^ ,  *R ^= -R ^ . E f fe c t iv e  tem pe ra tu res  a re  marked i n  u n i ts  o f
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F ig u re  3.11 T h e o re t ic a l lu m in o s ity  r a t io s  from  th e  5500A m odels 
p lo t te d  a g a in s t secondary mass and s p e c tra l ty p e . The n o ta t io n  i s  
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The l in e s  o f  m u l t ip ly - io n is e d  atoms id e n t i f ie d  w ith  th e  
secondary a re  t y p ic a l  o f  a la t e  0 o r e a r ly  B -s ta r ,  and th e  degree 
o f  e x c i t a t io n  shown by th e  non-resonance l in e s  in d ic a te s  th a t  th e  
secondary cannot be e a r l i e r  th a n  09 (P a rth a s a ra th y  e t  a l .  1986 ). 
Hack e t  a l .  (1980) suggested a s p e c tra l type  f o r  th e  secondary o f 
09.5V  from  u l t r a - v i o l e t  o b s e rv a tio n s . D r i l l i n g  & Schonberner 
( 1982) ,  however, o b ta in e d  a b e s t match to  th e  continuum  and l i n e  
spectrum  o f  Ups Sgr w ith  th e  co m b in a tio n  o f  an A -typ e  s u p e rg ia n t 
p rim a ry  and a B 2 Ib  secondary, 3 -5  m agnitudes f a in t e r  i n  th e  v i s ib le  
re g io n . They propose a secondary w ith  a mass (so  th a t  th e
p lane  o f th e  system l i e s  c lo s e  to  th e  l in e  o f s ig h t ) ,  w h ich  i s  o u t 
o f  the rm a l e q u il ib r iu m  as i t  i s  a c c re t in g  mass. They e x p la in  t h a t  
such a s ta r  can have a s im i la r  L/M r a t io ,  and hence a .s im ila r  
spectrum  as an e a r ly  B -ty p e  s u p e rg ia n t. However, th e re  i s  no 
ev idence  to  suggest th a t  th e  secondary i s  s ig n i f i c a n t ly  d is tu rb e d  
from  i t s  th e rm a l-e q u il ib r iu m  s ta te .  Indeed th e  m a s s - t ra n s fe r / lo s s  
r a te  re q u ire d  to  s ig n i f i c a n t ly  d is tu r b  th e  secondary from  i t s  
th e rm a l-e q u il ib r iu m  s ta te  w ou ld  most l i k e l y  le a d  to  th e  fo rm a tio n  
o f  an a c c re t io n  d is c .  T h is  co u ld  become th e  dom inant f l u x  source  
i n  th e  system so t h a t  a d i s t i n c t l y  n o n - s te l la r  spectrum  w ould  be 
observed. From ra d io  o b s e rv a tio n s , Rao & Venugopal (1985) have 
de te rm ined  an upper m a ss -lo ss  ra te  from  th e  system o f
— 7 «ml5x10 M^yr . Our mass e s tim a te  o f about 11M^ f o r  th e  secondary 
co rresponds to  an e a r ly  B -ty p e  s ta r ,  in  e x c e l le n t  agreem ent w ith  
th e  ^ e f f  e s tim a te s  o f  Schonberner & D r i l l i n g  (1983) and 
P a rth a s a ra th y  e t  a l .  (1 9 8 6 ). Such a m ain-sequence s ta r  has a
4lu m in o s ity  o f '^ 1 0  L^. However, P a rth a sa ra th y  e t  a l .  have
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e s tim a te d  a much s m a lle r  mass o f  3M^ f o r  the  secondary u s in g  
A bbo t’ s (1978) r e la t io n  between th e  edge v e lo c i t y  and escape 
v e lo c i t y  o f th e  l i n e  p r o f i le s  p resen ted  i n  th e  s t e l l a r  w ind , and a 
lu m in o s ity  o f 2001^ from  the  W ils o n  & D o p ita  (1985) e x p re s s io n . 
The a p p l ic a b i l i t y  o f  b o th  these  methods i s  u n c e r ta in  i n  th e  case o f 
Ups Sgr where th e  p rim a ry  and secondary appear to  be in t e r a c t in g  
th ro u g h  m a s s - t ra n s fe r / lo s s ,  so th a t  these mass and lu m in o s ity  
e s tim a te s  shou ld  be t re a te d  w ith  c a u tio n .
3 .6  E v p lu t io n a rv  S ta tu s
From the  a n a ly s is  o f  S ec t. 3 .5  a d e s c r ip t io n  o f  th e  secondary 
as an e a r ly  B -ty p e  m ain-sequence s ta r  w ith  a mass o f  about has
been d e r iv e d . In  t h i s  s e c t io n  th e o r e t ic a l  and o b s e rv a t io n a l 
c o n s id e ra t io n s  a re  used i n  o rd e r to  g a in  an in s ig h t  in t o  th e  l i k e l y  
e v o lu t io n a ry  h is to r y  o f Ups S gr. I t  i s  b e lie v e d  th a t  Ups Sgr 
c o n s is ts  o f  a h ig h ly  lum inous  p rim a ry  o f i n  w h ich  th e  energy
comes from  a h e liu m -b u rn in g  enve lope  o v e r ly in g  an i n e r t  CO co re  
(P a czynsk i 1971, S chonberner & D r i l l i n g  1983), and a more m assive 
secondary which i s  n o t seen i n  th e  v i s ib le  spectrum . The p e c u lia r  
co m p o s itio n s  seen a t  th e  s u rfa c e  o f  Ups Sgr and th e  o th e r  EHdBs can 
be understood  i n  te rm s o f  c lo s e  b in a ry  e v o lu t io n  in v o lv in g  
m a s s - t ra n s fe r / lo s s .  I t  appears th a t  o n ly  those  s ta r s  w h ich  can 
e xpe rie n ce  two ep isod e s  o f  R oche-lobe  o v e r flo w  a re  a b le  to  reduce 
hydrogen to  th e  abundances (n ^ :n ^ ^  ^  10~^) th a t  a re  p re s e n t ly  
observed in  Ups Sgr and th e  o th e r  EHdBs, For s ta r s  w ith  i n i t i a l
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masses le s s  th a n  about 5M^, th e  m odels o f  Xben & Tutukov 1985
( h e r e in a f te r  IT85) in d ic a te  th a t  th e y  a re  unab le  to  expand and f i l l
t h e i r  Roche lo b e s  a g a in  a f t e r  th e  e x h a u s tio n  o f  c e n tra l he lium  and
a llo w  a second phase o f m a s s - t ra n s fe r / lo s s .  For a s ta r  IT85
found th a t  a lth o u g h  th e  0.5M ^ rem nant s t i l l  has hydrogen r e la t i v e l y
abundant a t  i t s  s u rfa c e , o n ly  a m oderate s t e l l a r  w ind i s  re q u ire d
to  remove th e  re m a in in g  hydrogen. The su rface  abundances
(n ^ /n ^ ^ lO O )  would be s im i la r  to  those  observed in  the  EHdBs (Hack
& P a s in e t t i  196 3, W a lle r s te in  e t  a l .  196?, Schonberner & D r i l l i n g
1984). However, a t  a l l  t im e s  d u r in g  th e  e v o lu t io n  o f th e  4M modelo3L < 10 L^, w hich i s  c le a r ly  in c o m p a tib le  w ith  o b s e rv a tio n s  o f  EHdBs 
w hich in d ic a te  L ^  lO^L . For those s ta rs  w ith  i n i t i a l  massesG
^  lOMg IT85 f in d  th a t  t h e i r  m odels a re  unab le  to  a vo id  co re
c o lla p s e  and a supernova e x p lo s io n  w ith  a r e s u lta n t  n eu tron  s ta r
rem nant. Hence th e  p r im o rd ia l mass o f  th e  p rim a ry  i s  c o n s tra in e d
to  th e  range ~ 5 -1 0M ^, and co nse q u e n tly  th e  t o t a l  mass o f th e  
p r im o rd ia l system to  le s s  th a n  20M^. In  th e  fo l lo w in g  d is c u s s io n  
a l l  masses and r a d i i  a re  i n  s o la r  u n i ts .
The f i r s t  ep isode  o f m a s s - t ra n s fe r / lo s s  i n  Ups Sgr began when 
th e  p rim a ry  expanded and f i l l e d  i t s  Roche lo b e  a f t e r  the  end o f  
h yd rog e n -co re  b u rn in g  (Case B ) . A f te r  th e  e x h a u s tio n  o f c e n tra l 
hydrogen, a s ta r  can expand to  a ra d iu s  g iv e n  a p p ro x im a te ly  by 
( Ib e n  & Tutukov 1987) :
For Ups Sgr to  have been a b le  to  undergo m a s s - t ra n s fe r / lo s s  a t  t h is  
s tage  i t  i s  a necessary c o n d it io n  t h a t  R^ < R^^. The sem i-m a jo r 
a x is  o f  th e  system and th e  Roche ra d iu s  o f th e  p rim a ry  a re  re la te d
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by (T u tuko v  & Yungelson 1979) :
As lOMg, and as th e  t o t a l  mass o f  th e  system , ^ to t * must
n e c e s s a r ily  have been le s s  th a n  2M^, i t  fo l lo w s  th a t  th e  p r im o rd ia l 
system  co u ld  n o t have had a sem i-m a jo r a x is  g re a te r  th a n  800R^. 
Fran K e p le r ’ s law  a maximum p r im o rd ia l p e r io d  f o r  th e  system o f 
'^600  days i s  o b ta in e d .
Yungelson (1982) e s tim a te s  th a t  f o r  m assive  b in a r ie s  
und e rg o in g  case B t r a n s fe r  th e  d u ra t io n  o f  mass-exchange i s  g iv e n  
a p p ro x im a te ly  by :
y r
where re p re s e n ts  th e  m ain-sequence mass o f  th e  p r im a ry . The
mass o f  th e  rem nant i s  g iv e n  by ( IT 8 5 ) :
I t  fo l lo w s  th a t  f o r  an i n i t i a l  mass 5 -1 OM^, a rem nant mass o f 
0 .8 -2 .0 M ^  w i l l  have been produced. The d u ra t io n  o f  m a ss-lo ss  i s  
10^-10^ years from  .which an average m a ss -lo ss  r a te  < 10~^ M^yr”  ^
fo l lo w s ,  a ltho u gh  in  a r e a l  system th e  ra te  o f  mass lo s s  may change 
d ra m a t ic a l ly  d u r in g  t h i s  in t e r v a l .  How much mass th e  secondary 
co u ld  have a cc re te d  depends s e n s i t iv e ly  upon th e  p r im o rd ia l o r b i t a l  
param ete rs  A and q . I f  the  a c c re t io n  t im e s c a le  exceeded th e  
th e rm a l ad jus tm e n t t im e s c a le  o f th e  secondary th e n  th e  secondary 
w i l l  have been a b le  to  a c c re te  th e  mass l o s t  by th e  p rim a ry  and 
c o n tin u e  i t s  m ain-sequence e v o lu t io n  on a new t im e s c a le  a p p ro p r ia te  
to  i t s  la r g e r  mass. I f ,  however, th e  th e rm a l t im e s c a le  exceeded 
th e  a c c re t io n  tim e s c a le , th e n  th e  a c c re t in g  s ta r  w i l l  have sw e lle d  
and f i l l e d  i t s  Roche lo b e . A common enve lope may have ensued w ith
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lo s s  o f  mass from  th e  system . The a c c re t io n  ra te  i s  l i k e l y  to  be 
g re a te s t  near th e  s t a r t  o f  th e  m a s s - t ra n s fe r / lo s s  phase, and t h i s  
i s  th e  most l i k e l y  t im e  f o r  th e  fo rm a tio n  o f  a common enve lope .
C o n se rva tio n  o f  mass was more l i k e l y  i f  the  i n i t i a l  components w ere 
com parable, th a n  was th e  case where th e  secondary ’ s mass was 
s ig n i f i c a n t ly  le s s .  As th e  p re s e n t mass o f  th e  secondary appears 
to  be a t  le a s t  as la rg e  as t h a t  o f  th e  p r im o rd ia l p r im a ry , i t  
in d ic a te s  th a t  th e  secondary must have a cc re te d  a t  le a s t  p a r t  o f  
th e  mass lo s t  by th e  p rim a ry  d u r in g  R oche-lobe o v e r flo w .
The f i r s t  m a s s - t ra n s fe r / lo s s  phase te rm in a te d  when th e  p rim a ry  
shrank a t  th e  o n se t o f  c o re -h e liu m  b u rn in g . The abundance o f
hydrogen a t  th e  s u rfa c e  w ou ld  th e n  have been >^0.2 by mass 
(De Greve & De Loo re  1976, IT 8 5 ) . Ups Sgr i s  b e lie v e d  to  be
e x p e r ie n c in g  i t s  second phase o f m a s s - tra n s fe r / lo s s  a f t e r  th e  
e x h a u s tio n  o f  h e lium  a t  i t s  c e n tre  (case B B ). IT85 show th a t  th e  
amount o f  mass l o s t  by th e  p rim a ry  d u r in g  t h is  second m a ss -lo ss
ep isode  i s  s t ro n g ly  dependent upon th e  o r ig in a l  m ain-sequence 
mass. For a 2.0M rem nant (M,^„=10M ) about 1M o f th e  re m a in in g
G  M o  G  O
mass i s  lo s t ,  w h i ls t  th e  O.BM^ rem nant lo s e s  o n ly  a v e ry
sm a ll a d d it io n a l amount o f  mass. The c a lc u la t io n s  o f  Delgado & 
Thomas (1981) show th a t  th e  2M remnant lo s e s  about h a l f  o f  i t s
mass in  a ra p id  phase o f m a s s - t ra n s fe r / lo s s  la s t in g  o n ly  about 10^ 
ye a rs . T h is  i s  fo l lo w e d  by a s lo w e r m a s s - t ra n s fe r / lo s s  phase i n  
w h ich  the  mass i s  f u r t h e r  reduced o n ly  s l ig h t ly .  Schonberner & 
D r i l l i n g  (1983) sugges t t h a t  i t  i s  t h i s  s low er phase th a t  we a re  
c u r r e n t ly  o b s e rv in g  i n  Ups S gr. In  a l l  cases th e  f i n a l  remnant i s  
about 1M , w ith  hydrogen  reduced a t  the  su rfa ce  to  th e  sm a ll
G
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amounts t h a t  we observe  i n  Ups Sgr and th e  o th e r EHdBs.
The secondary canno t be th e  more evo lved  o b je c t  because o f  i t s  
la rg e  mass. How l i k e l y  i s  i t  t h a t  th e  secondary i s  s t i l l  on th e  
m ain  sequence a f t e r  th e  p rim a ry  has com pleted h e liu m -c o re  b u rn in g ?  
I f  th e  secondary a c c re te d  a n e g l ig ib le  amount o f mass d u r in g  th e  
f i r s t  m a s s - t ra n s fe r / lo s s  ep isode  th e n  f o r  any p r im o rd ia l p r im a ry  
mass i t  i s  p o s s ib le  to  e s tim a te  th e  mass o f  th e  secondary th a t  ju s t  
a llo w s  th e  p rim a ry  to  com plete  c o re -h e liu m  b u rn in g  and undergo a 
second m a ss -lo ss  ep isode  w h i ls t  th e  secondary i s  s t i l l  on th e  m ain 
sequence. The a pp rox im a te  l i f e t im e s  o f  th e  hydrogen and h e lium  
c o re -b u rn in g  phases a re  g iv e n  re s p e c t iv e ly  by ( Ib e n  & Tu tukov 
1987) :
tHS = & tg e  = y-’
For p rim a ry  m ain-sequence masses o f  10M^ and 5M^, th e  c o rre sp o n d in g  
maximum secondary masses a re  9.4M ^ and 4.0M^ re s p e c t iv e ly .  
T h e re fo re , u n le s s  th e  p r im o rd ia l masses were com parable, o r  the  
secondary a c c re te d  s u f f i c i e n t  mass d u r in g  th e  f i r s t  
m a s s - t ra n s fe r / lo s s  phase, i t  i s  re a son a b le  to  expect t h a t  th e  
secondary i s  s t i l l  on th e  m ain sequence. A do p ting  M ^s llM ^, th e  
p r im o rd ia l p r im a ry  mass i s  c o n s tra in e d  to  a mass i n  excess o f  6.6M^ 
i n  o rd e r to  meet th e  c o n d it io n ,  p r im a r y [ t ^ + t ^ ^ ]  < s e c o n d a ry [t^ g ] .  
I n  c o n tra s t  to  th e  s in g le  RGBs and EHe s ta rs ,  th e  EHdBs must be 
young o b je c ts  aged between 20 and 120 m i l l io n  y e a rs . T h is  i s  
suppo rted  by th e  o b s e rv a t io n  th a t  th e  EHdBs l i e  c lo s e  to  th e  
g a la c t ic  p la ne  and have n e a r ly  c i r c u la r  o r b i t s  about th e  g a la c t ic  
c e n tre , whereas th e  RGBs and th e  EHe s ta rs  appear to  be members o f  
th e  g a la c t ic  bu lge  p o p u la t io n  ( D r i l l i n g  1986).
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As th e  secondary appears to  have become c o n s id e ra b ly  more 
m assive  tha n  th e  p r im a ry , and as th e  p resen t ra te  o f  m a s s - tra n s fe r  
appears to  be s m a ll, th e  p re se n t phase o f Roche-lobe o v e r flo w  i s  
l i k e l y  to  be c o n s e rv a tiv e  o f th e  t o t a l  mass o f th e  system . Models 
o f  a c c re t io n  o n to  m ain-sequence s ta r s  show th a t  f o r  sm a ll a c c re t io n  
ra te s  th e  ra d iu s  s ta y s  c lo s e  to  i t s  main-sequence v a lu e  (K ippenhahn 
& M e ye r-H o fm e is te r 1977 ). E v o lu t io n a ry  e f fe c ts  may be d e te c ta b le  
frcaa an in c re a s in g  b in a ry  p e r io d  which i s  a response to  th e  
chang ing  m a s s - ra t io .  W ilso n  (1914) de te rm ined  a s p e c tro s c o p ic  
b in a ry  p e r io d  o f  137.939 days f o r  Ups Sgr. Seydel (1929) la t e r  
de te rm ine d  a p e r io d  o f  137*957 days. The d isc re pa n cy  between th e  
two e s tim a te s  i s  a cco u n ta b le  w i t h in  random measurement e r ro r s  so 
th a t  th e  b in a ry  p e r io d  d id  n o t change s ig n i f i c a n t ly  d u r in g  10 
y e a rs . However, as th e  l a t t e r  o b s e rv a tio n s  were made ove r 60 ye a rs  
ago, a re d e te rm in a t io n  o f  th e  p e r io d  w ith  contem porary o b s e rv a tio n s  
co u ld  re v e a l a s lo w ly  in c re a s in g  b in a ry  p e r io d . On th e  assum ption  
t h a t  th e  t o t a l  mass and a n g u la r momentum o f th e  system a re
conserved , we can fo r m a l ly  e s tim a te  p e r io d  changes u s in g  th e
r e la t io n  PocM  ^ ^M^ ^ from  K e p le r ’ s law . M a s s - tra n s fe r  r a te s  o f  
10 ^ and 10 ^M ^yr  ^ w i l l  have produced p e r io d  in c re a s e s  d u r in g  60
y e a rs  o f  0 .2  and 2 days re s p e c t iv e ly .
What o f th e  fu tu r e  e v o lu t io n  o f Ups Sgr? As c e n t ra l 
te m p e ra tu re s  a re  to o  low  to  ig n i t e  carbon in  th e  p rim a ry  i t  w i l l  
s h r in k  to  e v o lv e  as a c o o lin g  degenera te  CO dw a rf. W ith  a mass o f  
—11M^, th e  secondary l i e s  c lo se  the  1 0 .6M^ l i m i t  c a lc u la te d  by 
IT 85 above w h ich  a b in a ry  component i s  unable  to  a vo id  a supernova
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e ven t. I f  th e  mass o f  th e  secondary l i e s  below t h is  l i m i t ,  the n  
th e  d ir e c t io n  o f e v o lu t io n  ta k e n  by th e  secondary i s  l i k e l y  to  be 
s im i la r  to  th a t  o f  th e  p r im a ry . F o llo w in g  two ep isodes o f  
Roche-lobe o v e rflo w  a 1M^ degenera te  CO o r ONe w h ite  dw arf 
secondary w i l l  r e s u l t .  Which v a r ie t y  i s  u l t im a te ly  produced i s  
s e n s i t iv e ly  dependent upon th e  p r im o rd ia l b in a ry  c h a r a c te r is t ic s  
( IT 8 5 ) .  I f  th e  secondary ’ s mass l i e s  c lo s e r  to  11M^, then  th e  
secondary w i l l  be u l t im a te ly  unab le  to  a v o id  a Type I  supernova 
e x p lo s io n  w ith  a n e u tro n  s ta r  rem nant and th e  p o s s ib le  d is r u p t io n  
o f  th e  system.
On e v o lv in g  o f f  th e  m ain sequence, th e  secondary w i l l  f i l l  i t s  
Roche lo b e  and a tte m p t to  t r a n s fe r  mass back tow ards th e  p rim a ry .
The CO dw arf p rim a ry  w i l l  a lm ost c e r t a in ly  be unab le  to  accept, t h i s  
mass, w ith  the  r e s u l t  t h a t  most o f  th e  mass w i l l  be lo s t  from  th e  
system e ith e r  i n  a common-envelope phase o r i n  nova -type  
e je c t io n s .  O rb ita l sh rin ka g e  may be severe  d u r in g  t h i s  phase.
Tutukov & Yungelson (1979) have a tte m p ted  to  e s tim a te  o r b i t a l  
sh rinkage  d u r in g  a common-envelope phase by way o f th e  e x p re s s io n  :
where and A^ a re  th e  i n i t i a l  and f i n a l  sem i-m a jo r axes o f th e  
system, and and a re  th e  i n i t i a l  and rem nant masses o f th e
secondary re s p e c t iv e ly .  i s  th e  mass o f  th e  p rim a ry , and a i s  
a param eter d o s e  to  u n i ty  w h ich  measures th e  e f f ic ie n c y  w ith  w h ich  
mass i s  d r iv e n  from  th e  system . The mass o f  th e  rem nant is ,  to  a ^
good a p p ro x im a tio n , a fu n c t io n  o f  th e  m a s s -lo s in g  s ta r  a lone  and i s  
g iv e n  by 0 .08Mg% T h is  le a d s  to  an e s tim a te  f o r  th e  decrease
in  th e  sem i-m a jo r a x is  from  '*-250R^ to  5R^ d u r in g  th e
X
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common-envelope phase, and a co rre sp o n d in g  re d u c t io n  i n  th e  b in a ry
p e r io d  to  -^1 day. A second common-envelope phase a f t e r  e x h a u s tio n
o f  c e n t ra l h e lium  in  th e  secondary co u ld  draw th e  components c lo s e r
and reduce th e  b in a ry  p e r io d  t o  o n ly  a few hours . The p e n u lt im a te
system w ou ld  be com prised  o f  a p a i r  o f degenera te  dw a rfs , CO/CO o r
CO/ONe, each o f  about 1M^. The components m ig h t th e n  be c lo s e
enough th a t  g r a v i t a t io n a l  wave r a d ia t io n  cou ld  d r iv e  th e  components
to g e th e r  to  a llo w  m e rg ing  i n  a Hubble tim e . The t o t a l  mass o f  th e
components (^2M^) w ou ld  be above th e  Chandrasekhar l i m i t  (1 ,4M ^) so
th a t  m erg ing  m ust le a d  to  a Type I  supernova e ven t, u n le ss  some
mechanism e x is ts  whereby th e  components a re  a b le  to  th row  o f f
s u f f i c ie n t  mass d u r in g  th e  m erg ing  p rocess to  reduce th e  mass o f
th e  f i n a l  p ro du c t to  below 1.4M . I t  i s  no ted  t h a t  th eo
e v o lu t io n a ry  scheme p roposed .by  Webbink (1 9 8 4 ), whereby th e  RCBs 
and th e  EHe s ta r s  may be th e  r e s u l t a n t  m erg ing  o f  degenera te  He and 
CO d w a rfs  i n  c lo s e  b in a ry  system s w ith  t o t a l  masses i n  th e  range 
^ 0 .7 5 -1  .45Mg, i s  n o t p la u s ib le  f o r  Ups Sgr due to  th e  m assive 
secondary.
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4 . L ig h t  and .CQlQur.jy.arlatiQrLs l n  th e  E x trem e ly  H y d ro g e n -D e fio ie n t B in a ry
CPD-58°2721
4.1 .int.r-Q.d.ug.tigJi
D r i l l i n g  e t  a l . (1985) showed th a t  CPD-58°2721 (=LSS 1922, 
D r i l l i n g  1980) shou ld  be in c lu d e d  as th e  t h i r d  member o f  th e  
EHdBs. There i s  no evidence  f o r  a companion i n  th e  v i s ib le  
spectrum , u n l ik e  Ups Sgr and KS P e rse i f o r  w h ich  h o t companions 
have been d isco ve re d  from  u l t r a - v i o l e t  o b s e rv a tio n s  (D uvignau e t  
a l .  1979, Hack e t  a l ,  1980, D r i l l i n g  & S chonberner 1982). A 
p ro v is io n a l o r b i t a l  p e r io d  o f  43 .25  days has been de te rm ined  by 
J e f fe r y  e t  a l . (1 9 87 b ). U sing lUE and ground-based o b s e rv a tio n s , 
Schonberner e t  a l . (1982) and D r i l l i n g  e t  a l . (1984a) d e r iv e d  an 
e f f e c t iv e  tem pe ra tu re  o f 1 1 ,1 OOK f o r  CPD-58°2721. However, from  
v is u a l s p e c tra , a h ig h e r T^^^ o f  14,000K f o r  CPD-58°2721 has been 
d e r iv e d  (S e c t. 5 *3 ) s im i la r  to  t h a t  f o r  LSS 4300.
P h o to m e tr ic  v a r ia t io n s  have p re v io u s ly  been re p o r te d  i n  
Ups Sgr (Eggen e t  a l .  1950), KS P e rs e i (Osawa e t  a l .  196 3) and 
LSS 4300 (L a n d o lt 1986b). Eggen e t  a l .  (1950) a s c r ib e d  these  to  
e c lip s e s  in  Ups Sgr, a lth o u g h  new o b s e rv a tio n s  o f  i t s  l i g h t  
v a r ia t io n s  p resen ted  in  Chap. 3 c le a r ly  show th e  presence o f 
n o n -e c lip s e  re la te d  v a r ia t io n s  w h ich  a re  a t t r ib u te d  to  p u ls a t io n .  
In  t h i s  c h a p te r the  p h o to m e tr ic  v a r ia t io n s  o f CPD-58^2721 a re  
exam ined, f o r  w h ich  the  1985 o b s e rv a tio n s  p re sen ted  he re  span 
a lm o s t one o r b i t a l  p e r io d . P o s s ib le  in te r p r e ta t io n s  o f  the  
l ig h t - c u r v e  are  d iscu ssed .
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4 .2  O bse rva tio ns  
4 .2 a  PHOTOMETRY
CPD-58°2721 was observed w ith  th e  0 .5 -m  and 1.0-m  te le s c o p e s  
a t  SAAO d u r in g  1985 and 1986. S trom gren o b s e rv a tio n s  were made 
w ith  the  0 .5 -m  te le s c o p e  on 31 n ig h ts  d u r in g  a 40-day p e r io d  in  
1985 A p r il-J u n e  by th e  w r i t e r  and D rs P .W .H ill and C .S .J e f fe r y ,  and 
on 9 n ig h ts  d u r in g  a 10-day p e r io d  in  1986 A pri l - May w ith  th e  1 .0 -m  
te le sco p e  by Dr P .W .H il l .  UBVRI o b s e rv a tio n s  made over th e  p e r io d  
1985 December to  1986 J u ly  w ith  bo th  te le s c o p e s  were k in d ly  
s u p p lie d  by Dr D .K ilk e n n y , Mr F.Marang and Mr J .S pence r Jones. 
D e ta i ls  o f  o b s e rv a t io n a l methods and re d u c t io n  te c h n iq u e s  to  th e  
s tanda rd  UBVRI and uvby system s a re  d esc rib e d  re s p e c t iv e ly  by 
M enzies e t  a l .  (1980) and in  S ec t. 1 .4a . For th e  uvby o b s e rv a tio n s  
in te g r a t io n  tim e s  w ere chosen f o r  each f i l t e r  so th a t  coun ts  f o r  
th e  ta r g e t ,  com parison and check s ta rs  were a p p ro x im a te ly  30 , 50
and 100 thousand r e s p e c t iv e ly .  A lthough  th e  o r ig in a l  check s ta r  
(m ^=11.6 , RA(1950)=10^45^55^ D ec=-58°51*10") used on th e  f i r s t
th re e  n ig h ts  o f  th e  1985 o b s e rv a tio n s  d id  n o t appear to  v a ry , a 
b r ig h te r  check s ta r  HD93712 was used f o r  th e  re m a in in g  
o b s e rv a tio n s . The programme s ta rs  a re  id e n t i f ie d  below :
Table 4 .1  D if fe r e n t ia l uvby photometry o f CPD~58°2721 (1985 /86 ).
HJD Comparison V a r i a b l e - Comparison Check - Comparison
-2446000 V ( b - y ) ( v - b ) ( u - b ) V ( b - y ) ( v - b ) ( u - b ) V ( b - y ) ( v - b ) ( u - b )
181.267 9 .98 9 0 .3 38 0 .3 09 0 .5 92 0 . 5 1 5 0 . 2 53 0 .20 7 0 .5 87
181.322 9.991 0 .3 44 0 .315 0 . 5 9 3 0 . 5 1 3 0 . 2 4 8 0 . 1 8 3 0 .5 90
181.370 9 .9 88 0.341 0.311 0 .591 0 . 5 07 0 .2 55 0 .1 93 0 .5 92
181.430 9 .9 78 0 .3 47 0 .3 09 0 , 5 80 0 . 5 2 6 0 . 2 3 6  0 ,2 09 0 . 6 05
182 .384 9 .9 82 0 .33 6 0 .3 08 0 .585 0 .4 89 0 .2 50 0 .1 94 0 .587
182.417 9 .987 0 . 3 38 0 . 3 1 3 0 . 5 8 3 0 . 4 8 4 0 . 2 5 3 0 .2 00 0 . 5 97
184 .253 9 .97 9 0 .3 40 0 .30 7 0 .5 88 0 . 4 69 0.251 0 .196 0 .581
184.282 9 .9 87 0 .3 37 0 . 3 1 2 0 .5 90 0 . 4 67 0 . 2 5 8 0 .1 84 0 . 5 8 2
184.332 9 .990 0 .3 43 0 . 3 1 3 0 . 5 93 0 .4 54 0 . 2 60 0 .1 90 0 .5 83
184.361 9 .9 87 0 . 3 48 0 . 3 10 0 .58 4 0 . 4 69 0 . 2 3 6 0 .20 9 0 . 5 7 6
185.283 9 .99 3 0 .33 8 0 .3 16 0 .599 0 .4 72 0 .2 44 0 .2 16 0 .5 88 - .028 - 0 . 3 3 0 - 0 . 1 4 9 0 . 7 27
185.339 9 . 9 92 0 .34 6 0.311 0 . 5 99 0 . 4 7 8  0 . 2 4 6  0 .211 0 . 5 94 - . 032 -0 . 3 3 1 - 0 . 1 4 6 0 . 7 2 8185.396 10.005 0 .3 26 0 . 3 13 0 . 5 9 2 0 .4 84 0 .251 0 . 2 10 0 .6 00 - .035 - 0 . 3 1 4 - 0 . 1 4 9  0 .7 21
186.252 9.981 0 .3 49 0 .3 15 0.611 0 . 5 07 0 . 2 5 0 0.181 0 . 5 89 - .021 - 0 . 3 3 7 -0 . 1 5 7 0 . 7 0 6
186.309 9 .985 0 .3 30 0 . 3 1 2 0 . 5 98 0 . 5 04 0 . 2 6 3  0 .1 97 0 .594 - .026 - 0 . 3 1 7 - 0 . 1 4 6 0 . 7 14186.366 9 . 9 83 0.341 0 .3 14 0 . 5 9 2 0 .5 09 0 . 2 55 0 . 2 10 0 . 6 10 - .021 - 0 . 3 3 0 -0 . 1 5 7 0 . 7 2 0
187.297 9 .9 84 0 .34 5 0 .308 0 .5 85 0 .5 24 0 .2 57 0 .197 0.591 .027 - 0 . 3 3 0 - 0 . 1 4 7 0 . 7 28
187.341 9.991 0 . 3 33 0 .307 0 . 5 9 6 0 . 5 0 5 0 . 2 5 3 0.211 0 . 6 03 - .027 - 0 . 3 2 5 - 0 . 1 4 9 0 . 7 1 8
187.384 9.991 0 .3 38 0 .3 10 0 .5 97 0 . 5 14 0 .2 39 0 .205 0 .5 96 - . 028 - 0 . 3 3 0 - 0 . 1 4 8 0 . 7 1 2
188.247 9 .9 64 0 .3 30 0 .3 09 0 .591 0 . 5 27 0 . 2 6 0 0 . 1 9 2 0.591 _ .027 - 0 . 3 2 4 - 0 . 1 4 9 0.711
188.277 9 . 9 73 0.331 0 .3 12 0 .5 90 0 .527 0 . 2 5 0 0 .196 0 .582 - . 030 - 0 . 3 2 4 - 0 . 1 5 7 0 .7 14188.321 9 . 9 82 0 .3 35 0 .30 9 0 . 5 8 8 0 . 5 2 8 0 . 2 4 2 0 . 2 12 0 . 5 94 - . 027 - 0 . 3 2 9 - 0 . 1 5 1 0 . 7 1 5
188.369 9 .97 7 0 . 3 42 0 .3 17 0 .586 0 .5 26 0 .2 55 0 .18 6 0 .57 4 - . 016 - 0 . 3 3 3 - 0 . 1 6 2 0 . 7 15
193.285 9 .98 6 0.351 0 .3 10 0 . 5 8 2 0 . 4 9 8 0 . 2 4 8 0 .2 06 0 .6 28 .029 - 0 . 3 3 9 - 0 . 1 5 0 0 . 7 2 3193.330 9 .985 0 .3 42 0 .309 0 .5 86 0.491 0 .2 48 0 . 1 88 0.601 .028 - 0 . 3 3 2 - 0 . 1 4 8 0 .71 9
193.355 9 . 9 86 0 .3 37 0 ,311 0 . 5 98 0 . 4 9 3  0 . 2 4 6  0 . 2 0 8 0 . 6 2 2 - .032 - 0 . 3 2 5 - 0 . 1 5 4 0 . 7 1 0194.241 9 .98 5 0 .3 36 0 .31 0 0 .5 97 0 .5 07 0 . 2 57 0 .224 0 . 6 5 8 - ■ . 024 - 0 . 3 2 4 - 0 . 1 5 3 0 . 7 20194 .268 9 .9 85 0 .3 36 0 .311 0 .5 97 0 .5 10 0 .2 46 0 .2 30 0 .6 54 - . 028 - 0 . 3 2 6 - 0 . 1 4 4 0 . 7 27194 .294 9 .990 0 .339 0 .31 4 0 . 5 95 0.511 0 .24 7 0 .205 0 . 6 43 - .031 - 0 . 3 2 2 - 0 . 1 5 9 0 .7 17194.322 9 .997 0 . 3 39 0 . 3 1 3 0 . 5 9 2 0 .501 0 . 2 6 2 0 .2 06 0 .6 35 _ . 037 - 0 . 3 3 2 - 0 . 1 5 3 0 . 7 3 3194.351 9 .9 98 0 .3 44 0 .314 0 .5 95 0 .4 94 0 .251 0 .2 06 0 .6 50 - .035 - 0 . 3 3 9 - 0 . 1 5 2 0 .72 4195.370 9 .99 0 0 . 3 36 0 .3 15 0 .5 97 0 .5 25 0 .251 0 .2 08 0 .657 - . 026 - 0 . 3 2 8 - 0 . 1 6 2 0 . 7 1 6
195.409 9 .98 4 0 .334 0 .31 6 0 .601 0 .5 16 0 .2 62 0 .1 99 0 .65 0 .028 - 0 . 3 2 0 - 0 . 1 5 9 0 . 7 1 2197.248 9 .981 0 .3 34 0 .321 0 .601 0 . 5 22 0 . 2 56 0 .199 0 . 6 26 .020 - 0 . 3 2 6 - 0 . 1 5 5 0 . 7 15
197.273 9 .98 5 0 .335 0 . 3 12 0 .5 93 0 .5 25 0 . 2 53 0 .204 0 . 6 38 .020 - 0 . 3 2 9 - 0 . 1 5 2  0 . 7 28197.290 9 .991 0 .3 36 0 . 3 10 0 . 5 9 3 0 . 5 1 8 0 . 2 60 0 .2 18 0 .631 - .021 - 0 . 3 2 0 - 0 . 1 5 3 0 . 7 1 3
197.327 9 .997 0 .3 40 0 . 3 13 0 .5 98 0 . 5 18 0 .2 55 0 .2 00 0 .626 .023 - 0 . 3 2 5 - 0 . 1 5 1 0 .701
197.351 10.001 0 .3 42 0 . 3 10 0 . 6 00 0 . 5 08 0 . 2 56 0 .2 03 0 .6 10 _ .040 - 0 . 3 2 7 - 0 . 1 5 4 0 . 7 09197.376 10 .003 0 .335 0 . 3 1 2 0 .59 7 0 . 5 00 0.261 0 .20 6 0 .6 24 .042 - 0 . 3 2 4 - 0 . 1 4 6 0 .721
198.243 9 .99 4 0 . 3 32 0 . 3 12 0 .5 97 0 . 5 0 2 0 .2 59 0 .2 05 0 .5 88 .036 - 0 . 3 2 0 - 0 . 1 5 2 0 .711198.269 9 .9 94 0 .335 0 .3 14 0 .6 00 0 . 4 9 8 0 . 2 4 8 0 .2 17 0 .6 24 .043 - 0 . 3 2 3 - 0 . 1 5 1 0 .7 24198.294 9 .9 97 0 .3 35 0 . 3 1 2 0 . 6 03 0 . 4 9 2 0 . 2 58 0 .2 00 0 .6 05 .033 - 0 . 3 2 6 - 0 . 1 5 3 0 . 7 06198.320 9 .9 93 0 .3 46 0 .314 0 .59 7 0 . 5 0 2  0 . 2 4 3  0 .200 0 .599 - .030 - 0 . 3 3 7 - 0 . 1 5 1 0 . 7 1 3
198.349 9 .9 94 0 .33 9 0 . 3 15 0 .5 89 0 . 4 98 0 . 2 54 0 .1 97 0 . 6 02 .032 - 0 . 3 2 6 -0 . 1 5 7 0 . 7 1 8199.234 9 .99 2 0.341 0 . 3 13 0 .604 0 . 4 82 0 .2 55 0 .20 0 0 .586 .037 - 0 . 3 2 9 - 0 . 1 5 3 0 . 7 12
199.259 9 .9 92 0 .3 37 0 .3 15 0 .60 7 0 .481 0 . 2 5 3 0 .21 7 0 .5 94 .037 - 0 . 3 2 6 - 0 . 1 5 4 0 . 7 1 0
199.283 9 .98 8 0 .3 36 0 .311 0.601 0 . 4 88 0 . 2 5 8  0 .2 05 0 .594 .027 - 0 . 3 3 1 - 0 . 1 4 8 0 . 7 17
199.317 9 . 9 82 0 .3 36 0 .3 14 0 . 6 0 2 0 . 4 9 8 0 . 2 50 0 . 1 98 0 .5 85 - .022 - 0 . 3 2 9 - 0 . 1 5 2 0 . 7 16
199.351 9 .9 80 0 .3 36 0 . 3 12 0 .5 98 0 .501 0 . 2 52 0 .2 00 0 .5 97 .023 - 0 . 3 2 3 - 0 . 1 5 5 0 . 7 17
199.373 9 .98 4 0 .3 33 0 .3 10 0 .59 2 0 .4 94 0 .2 65 0 .1 97 0 . 5 92 .023 - 0 . 3 2 7 - 0 . 1 4 7 0 . 7 20
199.399 9 .986 0.341 0 .301 0 .5 88 0 . 4 9 3  0 . 2 5 0  0 .20 9 0 .5 96 wm . 030 - 0 . 3 2 8 - 0 . 1 4 1 0 . 7 25
199.432 9 .9 96 0 . 3 32 0.311 0 . 5 96 0 . 4 82 0 . 2 5 6 0.201 0 .5 84 — .032 - 0 . 3 3 1 - 0 . 1 4 6 0 . 7 1 6
20 0 .235 9 .98 5 0 .3 37 0 .3 16 0 .6 07 0 .469 0 . 2 56 0 .194 0 .5 63 .020 - 0 . 3 3 2 - 0 . 1 5 4 0 .711
200.259 9 . 9 83 0 .3 34 0 .3 17 0 . 6 02 0 . 4 76 0 . 2 60 0 .190 0 . 5 78 .019 - 0 . 3 2 8 - 0 . 1 5 6  0 .7 14
200.283 9 .98 6 0 .33 6 0 . 3 07 0 . 5 93 0 .475 0 . 2 53 0 .207 0 .5 82 .022 - 0 . 3 2 4 - 0 . 1 5 0 0 .7 19200 .312 9 .990 0 .3 33 0 .3 10 0 . 5 9 3 0 .4 66 0 .259 0 .2 00 0 .5 96 .030 - 0 . 3 2 1 -0 . 1 5 1 0 . 7 20
20 0 .3 32 9 .9 88 0 .33 6 0 .309 0 .596 0 .4 70 0 .2 54 0 .2 00 0 .5 88 mm . 023 - 0 . 3 2 9 - 0 . 1 4 8 0 .721
200 .356 9 .9 92 0 . 3 38 0 . 3 1 2 0 .5 95 0 .4 58 0 . 2 6 7  0 .1 89 0.581 .028 - 0 . 3 3 1 - 0 . 1 4 3 0 . 7 16
201 .233 9 .986 0 . 3 37 0 . 3 1 0 0 .5 97 0 . 4 62 0 . 2 52 0 . 2 02 0 .58 3 .023 - 0 . 3 3 4 - 0 . 1 4 0 0 . 7 24
201 .260 9 .9 83 0 .33 7 0 . 3 1 2 0 . 5 96 0.461 0 .2 54 0 . 1 98 0 .5 74 - . 018 - 0 . 3 3 2 - 0 . 1 5 1 0 .721
201 .284 9 . 9 88 0 . 3 38 0 . 3 1 0 0 .590 0 .457 0 . 2 5 5 0 . 1 84 0 .575 .027 - 0 . 3 3 3 - 0 . 1 5 2 0 .721
201.304 9 .9 88 0.341 0 . 3 08 0 . 5 90 0 .4 55 0 .2 49 0 .1 96 0 .57 0 - . 030 - 0 . 3 3 7 - 0 . 1 4 9 0 .7 27
20 1 .3 32 9.991 0 .3 36 0 .30 9 0.591 0 . 4 5 2  0 . 2 43 0 . 2 12 0 .584 _ . 033 - 0 . 3 2 9 - 0 . 1 5 5 0 .7 1920 1 .352 9 .9 89 0 .3 36 0 .3 07 0 . 5 8 7 0 .4 49 0 . 2 55 0 . 1 96 0 .577 - . 034 - 0 . 3 3 0 —0 . 1 50 0 . 7 2 5
20 2 .238 9.991 0 . 3 38 0 .309 0 . 5 95 0 .451 0 .2 44 0 .199 0 .5 94 .035 - 0 . 3 2 6 - 0 . 1 4 8 0 .7 16
20 2 .262 9 .995 0 .334 0 .3 13 0 . 5 93 0 .45 4 0 . 2 55 0 .1 96 0 .5 80 _ . 040  - 0 . 3 2 4 - 0 . 1 5 4 0 . 7 1 7202 .286 9 .9 93 0 .3 36 0 .3 06 0 . 5 89 0 .45 7 0 .25 0 0 .202 0 .5 95 - . 038  - 0 . 3 2 8 - 0 . 1 4 4 0 . 7 25
202.311 9 .9 86 0 .3 37 0 .3 09 0 . 5 96 0 . 4 62 0 . 2 52 0 .2 09 0 . 5 87 - , 025 - 0 . 3 2 8 - 0 . 1 4 9 0 . 7 16
202.335 9 .9 83 0 .3 39 0 .3 08 0 . 5 94 0 . 4 67 0 . 2 5 3 0 .197 0 .5 94 - . 028  - 0 . 3 2 1 - 0 . 1 5 1 0 . 7 1 8
202 .359 9 .9 83 0 .3 36 0 . 3 1 3 0 .594 0 . 4 70 0 . 2 55 0 .19 4 0 . 5 92 - . 025 - 0 . 3 2 2 - 0 . 1 5 9 0 . 7 23
203 .237 9 .999 0.341 0 .3 15 0 .59 5 0 .471 0 . 2 59 0 . 1 92 0 .59 9 - . 035 - 0 . 3 3 3 - 0 . 1 5 0 0 . 7 29203.261 9 .9 89 0.341 0 .3 12 0 .5 97 0 .4 80 0 . 2 49 0 .2 00 0 .599 #. .025 - 0 . 3 3 1 - 0 . 1 5 1 0 .7 19
203.285 9 .9 90 0 .335 0 .3 06 0 .6 00 0 .4 77 0 . 2 6 0 0.201 0 .5 87 - . 028  - 0 . 3 2 2 - 0 . 1 4 8 0 . 7 1 3
203 .319 9 . 9 88 0 .3 39 0 . 3 10 0 . 5 9 8 0 . 4 78 0 . 2 57 0 .2 02 0 .6 40 - . 024  - 0 . 3 2 8 - 0 . 1 4 9 0 . 7 2 320 3 .34 8 9 . 9 88 0 . 3 38 0 . 3 15 0 .5 94 0 .4 80 0 .2 47 0 .196 0 .592 • * . 026  - 0 . 3 2 4 - 0 . 1 6 7 0 . 7 08
203 .376 9 . 9 96 0.331 0 .3 10 0 .5 96 0 . 4 70 0 .2 56 0 .201 0 .5 98 _ . 035  - 0 . 3 2 3 - 0 . 1 5 1 0 . 7 1 020 4 .240 9 .9 76 0 . 3 3 2 0 .3 10 0 . 5 93 0 . 5 1 3 0 . 2 59 0 .2 06 0 .621 - . 019  - 0 . 3 2 5 - 0 . 1 5 6 0 . 7 1 220 5 .236 9 .987 0 .3 42 0 .3 10 0 .594 0 .521 0 . 2 48 0 .214 0 .6 45 - . 030  - 0 . 3 3 5 - 0 . 1 5 1 0 . 7 23
205.265 9 .9 93 0 .3 33 0 . 3 17 0.601 0 .5 26 0 .2 42 0 .2 09 0 .653 - . 036  - 0 . 3 2 3 - 0 . 1 6 2 0 . 7 1 3205.288 9 .995 0 . 3 32 0.311 0 .6 00 0 . 5 30 0 . 2 4 2 0 .2 22 0 .6 37 - . 038  - 0 . 3 2 0 - 0 . 1 5 8 0 . 7 05
205.325 9 . 9 89 0 .3 36 0 . 3 08 0 .5 90 0 . 5 29 0 . 2 47 0 .219 0.651 .034  - 0 . 3 3 0 - 0 . 1 4 7 0 . 7 16
20 6 .233 9 .999 0 . 3 32 0 .309 0 . 5 98 0 .5 34 0 .2 54 0 . 2 18 0.661 .03 3  - 0 . 3 3 0 - 0 . 1 4 5 0 . 7 2 220 6 .258 10.003 0.331 0 . 3 12 0 .6 02 0 . 5 38 0 . 2 63 0 .219 0 .65 4 - . 035  - 0 . 3 1 5 - 0 . 1 5 1 0 . 7 2 2
20 9 .262 10.022 0 .3 43 0.311 0 .5 94 0 .5 15 0 .2 44 0 .206 0 .60 9 - .029 - 0 . 3 3 0 - 0 . 1 5 3 0 . 7 1 3
20 9 .289 10.021 0 .34 3 0.311 0 .596 0 . 5 3 0 0 . 2 40 0 .2 10 0 .6 15 - . 030  - 0 . 3 2 7 - 0 . 1 5 5 0 . 7 15
209 .316 10.021 0 .3 44 0 . 3 1 7 0 .601 0 . 5 3 3 0 . 2 5 3 0 . 1 92 0 .594 - .021 - 0 . 3 3 7 - 0 . 1 5 9 0 . 7 0620 9 .3 42 10.018 0 .3 40 0 .327 0 .6 15 0 .5 24 0 . 2 59 0 . 1 88 0 .5 92 - . 035  - 0 . 3 2 7 - 0 . 1 6 9 0 . 6 98
21 0 .253 9 .98 7 0 .3 34 0 . 3 23 0 .6 00 0 . 5 14 0 .24 5 0 .1 98 0 . 6 2 2 _ .031 - 0 . 3 1 9 - 0 . 1 5 9 0 .72121 0 .2 78 9 .9 88 0 .335 0 . 3 10 0 .5 93 0 .5 05 0 . 2 56 0 .2 10 0 .6 12 - . 027  - 0 . 3 2 7 - 0 . 1 5 1 0 . 7 2321 0 .348 9 .9 88 0 . 3 39 0 . 3 16 0 . 5 98 0 . 4 88 0 . 2 6 2 0 .199 0 . 6 10 mm . 025 - 0 . 3 2 8 - 0 . 1 5 1 0 .721
211.239 9 .97 7 0 .334 0 .311 0 . 5 90 0 . 5 0 3 0 .2 49 0 .2 07 0 .6 10 - .021 - 0 . 3 2 5 - 0 . 1 5 5 0 .71 8211.264 9 .9 82 0 .3 32 0 .311 0 . 5 93 0 . 4 97 0 . 2 56 0 .2 05 0 .6 09 .028  - 0 . 3 2 1 - 0 . 1 5 1 0 .7 172 1 1 .2 90 9.991 0 .331 0 .31 5 0 .5 92 0 .4 90 0 .2 53 0 .209 0 .6 19 .040  - 0 . 3 2 2 - 0 . 1 4 9 0 .723211 .315 9 .9 92 0 .3 36 0 . 3 2 0 0 . 5 9 2 0 . 4 8 8 0 .251 0 .19 9 0 . 6 1 3 - . 038  - 0 . 3 2 8 - 0 . 1 6 2 0 .718
212.227 9 .9 86 0 .326 0 .3 09 0 .5 85 0 .471 0 .2 55 0 . 1 98 0 .637 - . 041 - 0 . 3 1 7 - 0 . 1 5 5 0 .717212.251 9 .995 0 . 3 33 0 .3 09 0 .59 4 0 . 4 72 0 . 2 56 0 .18 8 0 .6 17 .047  - 0 . 3 1 7 - 0 . 1 5 7 0 .71821 2 .276 9 .9 99 0 . 3 42 0 . 3 1 2 0 . 5 98 0 .4 89 0 .2 50 0 .197 0 .606 - . 03 7  - 0 . 3 2 3 - 0 . 1 5 4 0 .715
214.351 10.001 0 . 3 33 0 .3 17 0 . 5 98 0 . 4 8 0 0 .2 59 0 .206 0 . 6 22 - . 042  - 0 . 3 2 3 - 0 . 1 5 8 0 .714
21 4 .377 9 .99 4 0.341 0 .311 0 . 5 9 3 0 .48 6 0 .2 63 0.201 0 .6 08 - . 036  - 0 . 3 2 5 - 0 . 1 5 4 0 .727215.236 9.991 0 .3 35 0 .321 0 .601 0 .5 09 0 . 2 56 0 .2 02 0 . 6 2 2 - . 026  - 0 . 3 2 4 - 0 . 1 6 2 0 .7 14
215.262 9 .997 0 .3 32 0 .3 16 0 .6 04 0 .4 99 0 . 2 5 8 0 .20 9 0 . 6 23 .040  - 0 . 3 2 4 - 0 . 1 5 4 0.711
215.289 10.001 0 .3 35 0.311 0 .601 0 . 5 00 0 .254 0 .22 0 0 .631 - . 043  - 0 . 3 2 4 - 0 . 1 5 1 0 .72121 6 .222 9 .9 88 0 .3 49 0 .3 25 0 .5 96 0 . 5 15 0 .231 0 . 2 13 0 . 6 28 .030  - 0 , 3 4 0 - 0 . 1 6 3 0 .7 16
217.233 9 .9 79 0 .3 44 0 .3 16 0.601 0 .5 17 0 . 2 39 0 .2 16 0 .6 05 - . 023  - 0 . 3 2 9 - 0 . 1 5 5 0 . 7 1021 7 .262 9 . 9 78 0 . 3 43 0 .31 2 0 . 5 93 0 . 5 28 0 . 2 4 3 0 .1 90 0 .5 75 .017  - 0 . 3 3 1 - 0 . 1 5 2 0 .717
217 .289 9.981 0 .339 0 .3 18 0 . 5 97 0 .5 29 0 .2 35 0 .21 6 0 .6 20 .022  - 0 . 3 3 2 - 0 . 1 5 6 0 .7 19
21 8 .229 9 .9 82 0 .3 38 0 .321 0 .611 0 .4 94 0 .259 0.201 0 .597 .027  - 0 . 3 2 5 - 0 . 1 5 5 0 .7 14218 .256 9 .9 98 0 .3 42 0 . 3 0 3 0 . 5 96 0 .4 86 0 . 2 59 0 .199 0 .591 _ . 036  - 0 . 3 2 7 - 0 . 1 4 4 0 .71121 8 .284 9 .9 95 0 .3 43 0 . 3 08 0.591 0 .491 0 . 2 43 0 . 2 03 0 .5 82 .03 8  - 0 . 3 3 0 - 0 . 1 4 5 0 . 7 19
219 .247 9.991 0 .3 49 0 . 3 16 0 . 6 05 0 . 5 17 0 . 2 34 0 .221 0 .57 4 - . 025  - 0 . 3 3 6 - 0 . 1 5 7 0 . 7 08
21 9 .2 83 9 .9 96 0 . 3 43 0 . 3 05 0 . 5 9 3 0 .5 03 0 .2 47 0 .2 03 0 .6 16 - . 03 2  - 0 . 3 3 3 - 0 . 1 4 1 0 . 7 26
219 .313 9.991 0 .3 42 0 . 3 06 0 .59 4 0 . 5 0 3 0 .2 68 0 .211 0 . 5 98 - .029 - 0 . 3 3 0 - 0 . 1 4 1 0 .7 14
2 2 0 .2 3 2 9 .986 0 . 3 48 0 .3 16 0 . 6 10 0 . 5 42 0 . 2 50 0 .18 3 0 . 606 .021 -0 . 3 3 1 —0 . 1 60 0 .709
220 .263 9 . 9 92 0 .3 40 0 . 3 12 0 .6 04 0 .541 0 . 2 4 8 0 .1 99 0 . 6 16 - .017 - 0 . 3 3 0 - 0 . 1 6 1 0 .7 05
54 7 .374 10.001 0 .34 4 0 . 3 17 0 .6 05 0 . 5 3 6 0 .2 47 0 .2 30 0 . 6 08 .026  - 0 . 3 2 5 - 0 . 1 5 1 0 .70954 8 .310 9 .979 0 .344 0 . 3 12 0 .599 0 .5 64 0 .2 45 0 .238 0 .607 •M ' .025 - 0 . 3 2 6 - 0 . 1 5 5 0 .6 99
548.471 10.005 0 .347 0 . 3 08 0 . 5 95 0 . 5 6 8 0 .234 0 .2 35 0 .6 06 mm . 033  - 0 . 3 3 5 - 0 . 1 4 9 0 .697551 .362 9 .9 83 0 .340 0 .3 09 0 .601 0 . 4 80 0 .2 54 0 .230 0 . 5 8 2 - . 018 - 0 . 3 2 6 - 0 . 1 4 8 0 . 7 08
552.291 9 .9 62 0.351 0 .3 14 0 .6 00 0 .4 49 0 . 2 46 0 .2 25 0 .584 .017  - 0 . 3 3 1 - 0 . 1 4 8 0 . 7 06553 .246 9 .968 0 .3 46 0 . 3 09 0 .5 95 0 . 4 34 0 .249 0 .234 0 .58 9 .020  - 0 . 3 3 2 - 0 . 1 4 2 0 . 7 1 2
554.251 9 .984 0 .3 44 0 .3 13 0 . 5 9 8  0 . 4 4 3 0 . 2 46 0 .240 0 . 606 - . 025  - 0 . 3 3 4 - 0 . 1 4 9 0 .7 07555.246 9 . 9 83 0 .344 0 . 3 12 0 . 5 9 3 0 . 4 46 0.251 0 .237 0 .6 12 - . 029 - 0 . 3 2 8 - 0 . 1 4 4 0 .7 09556.272 9 .9 70 0 . 3 4 2 0 . 3 17 0 .59 9 0 .5 00 0 .2 56 0 .2 23 0 .605 - . 02 2  - 0 . 3 2 6 - 0 . 1 5 5 0 .7 08
Tab le  4 .2  UBVRI pho tom etry  o f  CPD-58°2?21 (1 9 8 5 /8 6 ).
CPD-58°2721 LSS1915
HJD V (B -V ) (U -B) (V-R) ( V - I ) V (B-V) (U-B) (V-R)
-2446000
410.557 10.428 0 .752 -0 .1 7 0 0.557 1.173 9.979 0.386 -0 .5 4 6 0.272
411.554 10.423 0.761 -0 .1 6 5 0.559 1.178 9.975 0.387 -0 .5 3 5 0 .278
425.575 10.514 0.754 -0 .1 6 7 0.558 1.167 9.973 0.378 -0 .5 4 6 0.271
426.547 10.496 0 .742 - 0.168 0.553 1.157 9.958 0.391 -0 .5 4 2 0.268
428.593 10.463 0.787 -0 .1 6 4 0.554 1.164 9.967 0.389 -0 .5 4 7 0.287
454.581 10.502 0 .757 1.133 9.980 0.392
455.533 10.489 0 ,744 1.145 9.961 0.385
458.577 10.488 0 .762 1.134 9.973 0.386
459.577 10.461 0 .756 -0 .2 0 4 9.962 0.379 -0 .5 5 6
465.537 10.510 0.744 -0 .2 0 0 0.560 1.134 9.977 0.384 -0 .5 5 8 0.278
466.499 10.510 0 .755 1.162 9.990 0.393
467.499 10.530 0 .762 1.141 10.007 0.393
468.508 10.504 0.770 1.158 9.986 0.387
469.504 10.549 0.761 1.170 9.995 0.383
470.464 10.584 0.777 1.175 9.976 0.390
471.453 10.603 0 .772 1.181 9.981 0.383472.446 10.600 0 .750 1.182 9.995 0.378
476.502 10.494 1.150 9.956
477.529 10.525 0 .745 1.153 9.988 0.387
478.477 10.503 0.747 1.154 9.959 0.380479.424 10.500 0.755 1.151 9.975 0.377
487.530 10.478 0.789 1.107 9.960 0.402
488.464 10.472 0.744 1.133 9.984 0.375
489.458 10,464 0.746 1.127 9.971 0.379
490.442 10.473 0.734 1.139 9.981 0.375
493.434 10.549 0 .760 1.138 9.973 0.369
536.359 10.525 0.744 -0 .1 9 5 9 .9 8 4* 0.387 -0 .5 5 4531.401 10.534 9 .9 9 0 *
533.383 10.506 9 .9 9 0 *
534.366 10.518 9 .9 9 0*
9.990540.351 10.518
595.257 10.598 0 .763 -0 .1 3 5 0.583 1.203 9.981 0.377 -0 .5 4 9 0 .274596.254 10.576 0 .753 -0 .1 4 7 0.568 1.190 9.977 0.371 -0 .5 5 4 0.275
597.254 10.549 0 .748 -0 .1 7 2 0.579 1.190 9.982 0.373 -0 .5 4 7 0 .282
601.254 10.473 0.743 -0 .1 8 0 0.568 1.168 9.996 0.372 -0 .5 4 0 0.278
603.235 10.502 0.742 -0 .2 0 2 0.563 1.178 9.986 0.380 -0 .5 6 4 0.272
604.251 10.525 0.755 -0 .1 7 7 0.576 1.194 9.981 0.386 -0 .5 5 2 0.277
625.233 10.511 0 .750 -0 .1 8 5 0.554 1.156 9.986 0.377 -0 .5 3 7 0.273
627.218 10.458 0 .748 -0 .1 8 9 0.555 1.171 9.982 0.364 -0 .5 3 7 0.281
630.235 10.484 0.745 -0 .1 7 1 0.560 1.179 9.968 0.386 -0 .5 4 4 0 .273631.232 10.520 0 .762 -0 .1 9 0 0.562 1.176 9.985 0.382 -0 .5 4 9 0.271
633.239 10.543 0.786 -0 .1 6 9 0.560 1.181 9.987 0.386 -0 .5 3 5 0.276
634.215 10.538 0.766 -0 .1 7 0 0.570 1.190 10.014 0.386 -0 .5 3 2 0.286
638.209 10.493 0 .740 -0 .1 8 2 0.558 1.180 10.005 0.367 -0 .5 3 4 0.263
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RA (1950) Dec Sp
CPD-58°2721 (V r ) 10^45^58^ -5 8 °5 2 ’ 45” B+
LSS 1915 (C) 10^45^27® -5 8 ^ 5 6 ’ 51" F2
HD93712 (K ) 10^45^56® -5 8 °2 6 ’ 04” AOV
A ccura te  c o n v e n tio n a l pho tom etry  o f  CPD-58^2721 i s  co m p lica te d  
as i t  i s  su rrounded by n e b u lo s ity  and l i e s  i n  a crowded s ta r  f i e l d  
i n  the  re g io n  o f  th e  E ta  C a rin a  nebu la . O bse rva tio n s  in  
’ dark-m oon’ t im e  in d ic a te d  s ig n i f i c a n t  d if fe re n c e s  o f  th e  lo c a l  
’ s k y ’ backgrounds f o r  V r and C due to  th e  n e b u lo s ity ,  which cou ld  
have g iv e n  r is e  to  e r r o r s  o f  0 .01 mag i f  an in c o r r e c t  ’ s ky ’ were 
used. Thus each s ta r  had i t s  own a s s o c ia te d  ’ s k y ’ measurement, 
a lw ays ta ke n  from  th e  same p o s i t io n .
4 .2 b  CPD-58°2721B AND CPD-58°2721C.
A s ta r  l i e s  sou th  o f  CPD-58°2721 (A a = 0 .6 "  w est 6 ^  = 11" so u th , 
L a n d o lt 1986a), w h i ls t  a n o th e r s ta r  2 ”  w est can o n ly  be seen on 
SERC 1.2-m Schm idt SR and I  p h o to g ra p h ic  p la te s  and so i s  p ro b a b ly  
c o o l. These s ta r s  s h a l l  be r e fe r r e d  to  as CPD-58°2721B and 
CPD-58°2721C r e s p e c t iv e ly .  Because o f  th e  problem s a s s o c ia te d  w ith  
u s in g  a sm a ll diaphragm  to  t r y  and exc lude  the  2 nearby s ta r s ,  a 
la rg e  diaphragm  (3 0 ” ) was chosen so as to  a lw ays in c lu d e  them. 
However, S trom gren o b s e rv a tio n s  o f  CPD-58°2721B were made w ith  a 9 ” 
d iaphragm  on 2 n ig h ts  5 days a p a r t  w ith  th e  1 .0-m  te le s c o p e  in  1986 
by Dr P .W .H il l .  T h is  was o n ly  p o s s ib le  w ith  good see ing  and in  
’ dark-m oon’ t im e , A 4 th  m agn itude  s ta n d a rd  s ta r  was observed w ith
Differential Magnitude + constant




















F ig u re  4.1 The 1985 uvby pho tom etry . The p lu s  s ig n s  show th e
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F ig u re  4 .2  The 1985/86 UBVRI o b s e rv a tio n s . The open c i r c le s  
re p re s e n t V m agnitudes from  th e  1986 S trom gren ' y ’ o b s e rv a tio n s .
Page 62
th e  30”  and 9 ”  d iaphragm s b e fo re  and a f t e r  CFD-58°2721B to  a llo w  an 
e s tim a te  o f th e  l i g h t  lo s s  from  u s in g  th e  s m a lle r  a p e r tu re . These 
c o r re c t io n s  amounted to  s e v e ra l hundred ths o f  a m agnitude. The 
o b s e rv a tio n s  o f  CFD-58^2721B gave:
HJD-2446000 V (b -y ) (v -b ) (u -b )
552.340 12.640 0.461 0.601 1,601
556.314 12.640 0.452 0.605 1.595
T h is  i s  in  good agreement w ith  L a n d o lt  (1986a) who measured th e  
m agnitude and c o lo u r  in d ic e s  o f  CFD-58°2721B u s in g  broad-band 
pho tom etry  and found  V=12.648 .
S p e c tro s c o p ic  2-D images o f  CFD-58°2721 and CFD-58°2721B 
o b ta in e d  in  1984 a t  th e  AAT in d ic a te  th a t  CFD-58°2721B i s  p ro b a b ly  
o f  s p e c tra l type  F o r l a t e r  from  th e  s tre n g th  o f i t s  H and K l in e s  
(S e c t. 5 .1 a ) .  The S trom gren  c o lo u rs  co rrespond  to  a somewhat 
m e ta l-w eak e a r ly - ty p e  G s ta r .  W ith  mean m agn itudes (fro m  th e  1986 
S trom gren  o b s e rv a tio n s )  o f  m^=10.334 and m^=12.640 f o r  CFD-58°2721 
and CFD-58°2721B re s p e c t iv e ly ,  CFD-58^2721B c o n t r ib u te s  on average, 
about 15 p e rce n t o f th e  pho tons i n  V and so CFD-58°2721 appears 
'- '0 .1 3  mag b r ig h te r .
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F ig u re  4 .4  a) The C la s s ic a l Power Spectrum o f the  d i f f e r e n t ia l
1985 V o b s e rv a tio n s . Frequency i s  in  c y c le s
day~^. b ) P re -w h iten e d  by 0 .108 c y c le s  day  ^ ( f u l l  l i n e ) .  
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Table 4.3 Mean uvby photometry of the programme stars.
<V> <b-y> <v-b> <u-b> <o^> <m.j> n
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T ab le  4 .4  Mean UBVRI pho tom etry  o f  th e  programme s ta rs ,
<V> <B-V> <U-B> <V-R> <V -I>








































L a n d o lt  1986b (n=3)
T ab le  4 .5  F o u r ie r  d eco m p o s ition  o f  th e  1985 uvby l i g h t  curve,
1\Mag. V a r ia t io n F re q .(c y c le s  day
C o lou r (mag) f l ?2
u 0.15 0.109 0.071
V 0.11 0.108 0.071
b 0.09 0.108 0.072
V 0 .08 0.107 0.071
(u -b ) 0 .07 0.106 0.066
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4 .2 c  MEAN PROPERTIES
The S trom gren  o b s e rv a tio n s  g iv e n  in  Table  4 .1  have been 
c o rre c te d  f o r  th e  e f f e c t  o f  CPD-58°2721B by a p p l ic a t io n  o f  th e  
fo rm u la ;
ra^ z -2 .5 lo g (1 0 ~ ° '^ '°A + B  -  10“ ° * ^ “ b ) 
where and a re  th e  observed and c o rre c te d  m agnitudes o f
CPD-58°2721 re s p e c t iv e ly  and nig i s  th e  mean m agnitude o f  
CPD-58^27218 de te rm ine d  in  S ec t. 4 .2 b . The UBVRI d a ta  i n  Tab le  4 .2  
has s im i la r ly  been c o rre c te d  f o r  th e  e f fe c t  o f CPD-58°2721B u s in g  
L a n d o l t '8 (1986a) measurements. The da ta  JD 2446531-40 were
observed th rou g h  a n e u t ra l d e n s ity  f i l t e r  and have been c o rre c te d  
to  V(C) z 9 . 9 90 . Mean m agn itudes and c o lo u rs  f o r  CPD-58^2721, 
com parison, check and CPD-58°2721B a re  shown i n  T ab les  4 .3  & 4 .4 .  
The o b s e rv a tio n s  on JD 2446209 have n o t been in c lu d e d  as th e re  
appears to  be a z e ro -p o in t  s h i f t  f o r  t h is  n ig h t .  Parentheses 
in d ic a te  s tan d a rd  d e v ia t io n  about th e  mean in  m il l im a g n itu d e s , and 
n i s  th e  number o f o b s e rv a tio n s . The d i f f e r e n t ia l  l i g h t  and c o lo u r 
cu rves f o r  CPD-58^2721 a re  shown in  F ig s . 4 .1 -4 .3 .  The 
d i f f e r e n t i a l  l i g h t  cu rve  f o r  th e  com parison s ta rs  (K -0 ) in d ic a te s  a 
p o s s ib le  p e r io d ic  v a r ia t io n  o f  ,^0 .01  mag ove r about 3 days. I t  i s  
n o t c le a r  w h ich  s ta r  may be re s p o n s ib le , b u t ca re  has been take n  to  
a v o id  consequent a l ia s in g  i n  th e  subsequent frequency  a n a ly s is .
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4 .3  Fim ae.nQy.. ana lys is ,
As may be seen frc m  F ig s , 4 .1  & 4 .2 , th e  l i g h t  cu rve  o f
CPD-58°2721 canno t be re p re s e n te d  by a s in g le  s t r i c t l y - p e r io d ic
v a r ia t io n .  On th e  o th e r  hand i t  does n o t appear to  be co m p le te ly
i r r e g u la r .  Two in te r p r e ta t io n s  w i l l  be co ns ide re d . In  th e  f i r s t
case th e  l i g h t  cu rve  may be q u a s i-p e r io d ic ,  meaning th a t  th e
u n d e r ly in g  v a r ia t io n  i s  s in g ly - p e r io d ic  b u t th a t  some process makes 
in d iv id u a l  c y c le s  v a ry  i n  le n g th .  Secondly, th e  v a r ia t io n  may be 
m u lt i  per io d ic .  Each a l t e r n a t iv e  i s  examined in  o rd e r to  f in d  a 
re p re s e n ta t io n  o f  th e  l i g h t  cu rve  o f CPD-58°2721.
One way o f  exam in ing  a q u a s i-p e r io d ic  v a r ia t io n  i s  s im p ly  to  
measure th e  mean in t e r v a l  between maxima a n d /o r m inim a in  th e  l i g h t  
cu rve . Only th e  1985 d a ta  a re  s u f f i c i e n t l y  dense f o r  t h i s  to  be 
c a r r ie d  o u t f o r  CPD-58^2721, and even here  th e  problem  i s  
co m p lica te d  by th e  presence o f  s h o r t  gaps. I d e n t i f y in g  maxima as
o c c u r r in g  on JD 2446184, 193, 201 and 213, and m inim a on JD 
2446188, 196 and 206, a " c h a r a c t e r is t i c  p e r io d "  o f  9.4"*^1.5 days i s  
o b ta in e d . A p receden t i n  th e  case o f  a h y d ro g e n -d e f ic ie n t  s ta r  was
s e t by F e rn ie  (1982) who fo u n d  a "q u a s i-p e r io d "  o f  46^5 days f o r
RCrB.
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T rim b le  (1972) was th e  f i r s t  to  p o in t  o u t th a t  p u ls a t io n s  in  
h ig h  lu m in o s ity  he lium  s ta rs  a re  e x tre m e ly  n o n -a d ia b a tie . 
N o n - lin e a r  c a lc u la t io n s  (S a io  & W heeler 1985) showed th a t  l i g h t  and 
r a d ia l  v e lo c i t y  v a r ia t io n s  a re  n o t c o m p le te ly  re g u la r  f o r  low mass 
m odels. A F o u r ie r - ty p e  fre qu e ncy  a n a ly s is  may g iv e  a m is le a d in g  
r e s u l t  when a p p lie d  to  such a s ta r .  However, w h i ls t  a 
q u a s i-p e r io d ic  v a r ia t io n  re p re s e n ts  a s im p le  and adequate 
in t e r p r e ta t io n  o f  th e  l i g h t  cu rve , a search f o r  s t r i c t l y  p e r io d ic  
v a r ia t io n s  has been made to  see w he the r i t  i s  un ique .
A frequency  a n a ly s is  u s in g  a le a s t-s q u a re s  F o u r ie r  method 
(E a rn in g  1963) was made w ith  th e  F o u r ie r -a n a ly s is  package PULSAR 
( S k i l l en 1985). The method in v o lv e s  m easuring  th e  frequency 
co rre sp o n d in g  to  th e  most s ig n i f ic a n t  fe a tu re  i n  th e  power spectrum  
o f  th e  V r-C  o b s e rv a tio n s  by e q u a tin g  i t s  peak w ith  th e  c e n tro id  o f  
a f i t t e d  G aussian fu n c t io n .  T h is  fre q u e n cy  i s  th e n  f i l t e r e d  f r m  
th e  d a ta  by re g re s s in g  a s ine -w ave  co rre sp o n d in g  to  t h i s  component 
on th e  d a ta . I f  a second p e r io d ic i t y  i s  p re se n t i n  th e  r e s u l t in g  
p re -w h ite n e d  d a ta , i t  i s  removed by a s im u ltaneous  re g re s s io n  o f 
bo th  s in u s o id a l term s on th e  d a ta . The process i s  re p ea ted  u n t i l  
th e re  i s  no evidence o f  any re m a in in g  p e r io d ic i t ie s .  The no ise  
in h e re n t in  th e  power spectrum  was adopted from  th e  le v e l  o f the  
s tro n g e s t fe a tu re  p re se n t i n  th e  power spectrum  o f  th e  com parison 
s ta r .
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The power s p e c tra  o f  th e  1985 d i f f e r e n t i a l  u, v , b and V 
o b s e rv a t io n s  each d is p la y e d  th e  s tro n g e s t peak a t  0 .108  c y c le s  
day"^ ( f ^ )  (F ig .  4 .4 a ) .  A f te r  p re -w h ite n in g  to  remove t h is
component, th e  d a ta  showed th e  presence o f a f u r t h e r  p e r io d ic
component a t  —0.071 c y c le s  day~^ ( f ^ )  (F ig .  4 .4 b ) .  The components 
a t  f^  and f ^  were f i l t e r e d  by a s im u ltaneous  re g re s s io n  o f  two 
s ine -w aves  on th e  d a ta  and th e  d a ta  examined f o r  any re m a in in g  
p e r io d ic i t i e s .  Only th e  power spectrum  o f th e  V o b s e rv a tio n s
showed ev idence  o f  a re m a in in g  p e r io d ic i t y  a f t e r  m u lt ip ie - f re q u e n c y  
p re -w h ite n in g ,  w ith  a peak a t  fg= 0 .0 35  c y c le s  day"^ f i v e  tim e s  
g re a te r  th a n  th e  adopted n o ise  le v e l .  However, as T ^ f^ /2  i t  
canno t be c la im e d  t o  be an independen t fre q u e n cy . T h is  i s  borne 
o u t by i t s  n o n -d e te c t io n  i n  th e  u, v and b l i g h t  cu rve s . The (u -b )  
v a r ia t io n s ,  in d ic a t iv e  o f tem pe ra tu re  changes, showed p e r io d ic i t i e s
o f 0 .106  c y c le s  day  ^ and 0.066 c y c le s  day~^. Tab le  4 .5  summarises
th e  r e s u l t s
Loumos & Deeming (1978) show th a t  s p u r io u s  peaks i n  th e  power 
spectrum  a re  g e n e ra lly  n o t s ig n i f ic a n t  p ro v id e d  th e  s e p a ra t io n  o f  
th e  fre q u e n cy  components i s  ^  1 .5 /T , where T i s  th e  tim espan  in  
days o f  th e  o b s e rv a tio n s , and co nse q ue n tly  t h i s  i s  adopted as th e  
r e s o lu t io n  in h e re n t  in  th e  power spectrum . The same c r i t e r io n  
d e c id e s  th e  lo w e s t fre qu e ncy  fo r  w hich u s e fu l in fo rm a t io n  i s  
a v a i la b le  in  th e  power spectrum , w h i ls t  th e  h ig h -fre q u e n c y  l i m i t  i s  
s e t  by 1 /2  d t ,  where A t  i s  th e  mean sam p ling  in t e r v a l  o f th e  
o b s e rv a t io n s . I n  th e  p re se n t in s ta n c e  t h i s  g iv e s  a fre q u e n cy
r e s o lu t io n  o f  .038 c y c le s  day"*^. As f^ - f2 = 0 .0 3 7  c y c le s  day~^,
F ig u re  4 .5  The d i f f e r e n t i a l  1985 V o b s e rv a tio n s  p re w h ite n ed  by 
0 ,108  c y c le s  day”  ^ ( to p ) ,  0.071 c y c le s  day**^ (m id d le ) ,  0 .108  and 
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F ig u re  4 .6  The f i t  to  th e  d i f f e r e n t i a l  1985 V o b s e rv a tio n s  o f  the
th e o r e t ic a l  l ig h t - c u r v e  genera ted from  two s ine -w aves w ith












F ig u re  4 .5  The d i f f e r e n t i a l  1985 V o b s e rv a tio n s  p rew h itened  by 
0 .108  c y c le s  day"*^ ( to p ) ,  0.071 c y c le s  day"^ (m id d le ) ,  0 .108 and 








180 190 200 210
-  2446000
F ig u re  4 .6  The f i t  to  th e  d i f f e r e n t i a l  1985 V o b s e rv a tio n s  o f  the
th e o r e t ic a l  l ig h t - c u r v e  genera ted from  two s ine -w aves w ith  





190 210 220180 200
2446000
Page 67
and fg  a re  b a re ly  re s o lv e d . In  an a tte m p t to  d is t in g u is h  th e
presence o f  r e a l peaks fro m  those a lia s e s  w h ich  may be in tro d u c e d
in t o  th e  power spectrum  from  r e g u la r i t i e s  i n  th e  da ta  sam p ling ,
te s t s  were made on su b se ts  o f  th e  d a ta  sample. The power s p e c tra
w ith  th e  f i r s t  t h i r d ,  and th e  l a s t  t h i r d  o f  th e  da ta  s e t o m itte d
“ 1re s p e c t iv e ly ,  b o th  showed a peak a t  ^^0 .09  c y c le s  day 
( = ( f ^ + f 2 ) / 2 ) . A ltho u gh  th e  tim espan, 228 days, o f  th e  Johnson V 
o b s e rv a tio n s  (w h ich  in c lu d e s  th e  V m agnitudes frcm  th e  1986 
S trom gren o b s e rv a tio n s )  i s  a c o n s id e ra b le  in c re a s e  on th e  1985 uvby 
d a ta , o b s e rv a tio n s  were o n ly  made on 52 n ig h ts  and a re  in s u f f i c i e n t  
f o r  a fre q u e n cy  a n a ly s is  due to  th e  p a u c ity  o f th e  o b s e rv a tio n s .
An independen t search was made f o r  p o s s ib le  p e r io d s  u s in g  th e  
s t r in g - le n g th  o r p h a s e -d is p e rs io n  m in im is a t io n  tech n iq ue  (D w oretsky 
1983) .  T h is  i s  an e la b o ra t io n  o f  th e  L a f le r  & Kinman (1965) method 
w h ich  in v o lv e s  th e  phase o rg a n is a t io n  o f th e  da ta  in  th e  tim e  
domain to  f in d  th e  p e r io d  t h a t  produces th e  le a s t  num erica l s c a t te r  
i n  th e  d a ta . I n  t h i s  p a r t i c u la r  method th e  q u a n t i ty  m in im ized  i s  
th e  sum o f th e  le n g th s  o f  l i n e  segments jo in in g  su ccess ive  p o in ts  
i n  phase space.
The in t e r v a l  0 to  1 c y c le  day*"^ was searched in  s tep s  o f 
u n ifo rm  fre q u e n cy  so th a t  th e  maximum phase e r ro r  f o r  any p a ir  o f 
o b s e rv a tio n s  w ou ld  a lw ays be 0 .1  o r le s s .  The s t r in g - le n g th s  were 
p lo t te d  a g a in s t fre q u e n cy  and th e  minimum ta ke n  as th e  most l i k e l y  
p e r io d . I n  o rd e r to  a p p ly  t h i s  tech n iq ue  to  m u lt ip e r io d ic  d a ta , i t  
i s  necessary to  know a p r i o r i  th e  most l i k e l y  p e r io d s  p re se n t and 




c o n te n t. P re -w h ite n in g  th e  u, v , b, V and (u -b )  d a ta  s e ts  to  
remove an  ^ day p e r io d  produced in  each case a minimum a t  —0 .07  
c y c le s  day"^ and s im i la r ly ,  p re -w h ite n in g  to  remove an day
p e r io d  produced a minimum a t  ^ 0 .1 1  c y c le s  d a y "^ , in  good agreement 
w ith  th e  r e s u l t s  from  th e  F o u r ie r  a n a ly s is .
F ig . 4 .5  shows th e  l i g h t  cu rve  decomposed in t o  i t s  component 
p a r ts  a c c o rd in g  to  th e  f re q u e n c ie s  found  above. The th e o r e t ic a l 
l i g h t  cu rve  gene ra ted  fro m  th e  a d d it io n  o f  two s ine -w aves w ith  
p e r io d s  o f  1^=9.3 (0 .1 0 8   ^ ) and P ^ s H . I  (0 .071   ^) days i s  seen to  
reproduce  th e  g e n e ra l fe a tu re s  o f  th e  observed l ig h t - c u r v e  
(F ig .  4 .6 ) .  I t  i s  th e re fo re  concluded th a t  a q u a s i-p e r io d ic  
v a r ia t io n  w ith  a mean p e r io d  o f  9*4 days i s  re s p o n s ib le  f o r  the  
l i g h t  cu rve  o f CPD-58*^2721. M o d u la tio n  by a second p e r io d  o f  14.1 
days y ie ld s  a good re p re s e n ta t io n  o f  th e  d a ta , b u t th e  fre qu e ncy  
r e s o lu t io n  o f  th e  da ta  s e t  p re v e n ts  a c la im  f o r  th e  d e te c t io n  o f  a 
m u lt ip e r io d ic  v a r ia t io n .
4 .4  .Q riÆ la o f  th e  v a r ia t io n s
The r e s u l t s  o f  th e  1985 S trom gren photom etry c o v e r in g  40 days 
in d ic a te  l i g h t  v a r ia t io n s  t h a t  have d ecreas ing  a m p litu d e  w ith  
in c re a s in g  w ave leng th  fro m  0 .1 5  mag a t  u to  0 .0 8  mag a t  V. 
V a r ia t io n s  in  c o lo u r  a re  m ost pronounced w ith  a 0 .07  mag v a r ia t io n  
i n  ( u - b ) ,  w h i ls t  s m a lle r  v a r ia t io n s  o f  —0 .02  mag a re  p resen t i n  
(v -b )  and ( b - y ) .  The 1986 S trom gren o b s e rv a tio n s  c o v e r in g  10 days 
and th e  ÜBVRI o b s e rv a tio n s  o b ta in e d  over 228 days showed la r g e r  
v a r ia t io n s  o f  0 .11 mag and 0 .18  mag i n  V re s p e c t iv e ly .  T h is  i s  i n
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good agreement w ith  L a n d o lt  (1986a) who fou n d  a 0 .1 5  mag v a r ia t io n  
i n  V from  th i r t e e n  measures o ve r a 3 -y e a r p e r io d  (1 9 7 8 -8 1 ). As 
w ith  the  S trom gren o b s e rv a tio n s , th e  l i g h t  and c o lo u r  v a r ia t io n s  
p re se n t i n  th e  UBVRI o b s e rv a tio n s  appear to  be i n  phase, w ith  the  
a m p litu d e  la r g e s t  in  Ü and s m a lle s t i n  I .  I t  m ig h t be argued th a t  
th e  v a r ia t io n s  id e n t i f ie d  i n  CPD-58°2721 co u ld  be due, a t  le a s t  i n  
p a r t ,  to  v a r ia t io n s  o f  CPD-58°2721B. A one-m agnitude v a r ia t io n  o f  
CPD-58°2?21B in  th e  v is u a l re g io n  w ou ld  produce a -^0 ,12 mag 
v a r ia t io n  in  V. However, t h is  seems u n l ik e ly  as th e  two 
o b s e rv a tio n s  o f  CPD-58°2721B made f i v e  days a p a r t  showed no 
evidence  o f p h o to m e tr ic  v a r i a b i l i t y  whereas in  th e  same tim e  
in t e r v a l  CPD-58^2721 showed a 0 .06  mag change i n  V. The c lo s e  
agreement in  V between our o b s e rv a tio n s  and those  o f L a n d o lt i s  
f u r t h e r  ev idence th a t  CPD-58°2721B i s  n o t v a r ia b le  over a lo n g e r  
tim e s c a le . A lso  th e  n a tu re  o f th e  v a r ia t io n s  ( la r g e s t  am p litud e  in  
u) i s  th a t  to  be expected  f o r  a s ta r  w ith  T^^^=14,000K w h ich  has a 
peak i n  i t s  f lu x  a t  '--2000A. I f  CPD-58°2721B i s  o f  s p e c tra l type  F 
o r la t e r ,  as i t s  H and K l in e s  sugges t, the n  i t s  te m pe ra tu re  
corresponds to  a peak i n  f l u x  a t  5000A o r lo n g e r ,  so th a t  the  
a m p litu d e  o f any v a r ia t io n s  w ou ld  be expected  to  be g re a te s t i n  V 
and s m a lle s t i n  u. No e s tim a te  o f  th e  e f f e c t  o f CPD-58^27210 has 
been p o s s ib le . Again , i t s  c o n t r ib u t io n  shou ld  be g re a te s t  in  V as 
th e  s ta r  appears to  be c o o l.
The presence o f  Baim er e m iss io n  i n  th e  spectrum  o f  CPD-58^2721 
has been in te r p r e te d  as ev idence  th a t  th e  p rim a ry  i s  f i l l i n g  i t s  
Roche lobe  and t r a n s fe r r in g  mass tow ards th e  secondary 




param eters g iv e n  by J e f fe r y  e t  a l . (1987b) g iv e  a Roche ra d iu s  
Rj^--25R^ f o r  th e  p rim a ry  and a secondary mass f o r
in c l in a t io n s  9 0 ° -5 0 ° . Assuming th a t  th e  secondary l i e s  c lo s e  to  
th e  m ain-sequence (P la ve c  1986) we can e s tim a te  i t s  minimum ra d iu s  
as '-2 R ^ . The absence o f  any tra c e  o f th e  secondary in  th e  v i s ib le  
spectrum  o f CPD-58°2721 i s  ta k e n  as in d ic a t in g  th a t  th e  secondary 
must be more th a n  10 t im e s  f a in t e r  th a n  th e  p r im a ry . For such a 
system , e c lip s e s  w ou ld  l a s t  about 4 days and be le s s  th a n  0.1 
m agnitudes. D is t o r t io n  o f  th e  Roche l o b e - f i l l i n g  p rim a ry  co u ld  
g iv e  r is e  to  e l l ip s o id a l  v a r ia t io n s  th a t  would  appear i n  th e  l i g h t  
cu rve  as a p e r io d ic  v a r ia t io n  w ith  h a l f  th e  b in a ry  p e r io d . 
However, th e re  i s  no ev idence  o f any p e r io d ic i t y  p re sen t in  th e  
l i g h t  curve w h ich  appears to  be re la te d  to  th e  b in a ry  p e r io d  o f 
43 .25  days e s tim a te d  by J e f fe r y  e t  a l . (1 9 87 b ), a lth o u g h  t h is  
e s tim a te  i s  o n ly  p ro v is io n a l a t  b e s t. To in v e s t ig a te  th e  
p o s s ib i l i t y  th a t  th e  9*3 o r 14.1 day p e r io d ic i t ie s  found  i n  th e  
l ig h t - c u r v e  from  th e  fre q u e n c y  a n a ly s is  m ig h t a r is e  from  
e l l ip s o id a l  d is t o r t io n s  o f  th e  p rim a ry , le a s t-s q u a re s  f i t s  were 
perform ed on th e  r a d ia l - v e lo c i t y  da ta  s e t used by J e f fe r y  e t  
a l . ( 1987b) f o r  s ine -w aves  w ith  p e r io d s  o f  18.6 days and 28.2 days. 
The f i t s  were v e ry  poor and no c o r r e la t io n  between th e  r a d ia l  
v e lo c i t y  and th e  l i g h t  cu rve s  co u ld  be found .
I t  th e re fo re  seems re a so n a b le  to  a t t r ib u t e  th e  v a r ia t io n s  i n  
th e  l i g h t  cu rve  to  some fo rm  o f p u ls a t io n a l i n s t a b i l i t y  in  th e  
s ta r .  The s im p le s t in t e r p r e t a t io n  i s  th a t  o f  r a d ia l  p u ls a t io n s  
where changes i n  th e  b r ig h tn e s s  a r is e  from  tem pe ra tu re  and ra d iu s  
v a r ia t io n s  d u r in g  th e  p u ls a t io n s .  From m odels o f  s t e l l a r
Page 71
atm ospheres f o r  th e  EHe s ta r s ,  Heber & Schonberner (1981) re la te d  
S trom gren c o lo u rs  and e f f e c t iv e  tem pe ra tu re  u s in g  a re d d e n in g -fre e  
in d e x  w h ich  they d e fin e d  as :
[o ^ ]  = c ^ - 0 .1 (b -y )
F ig . 4 .7  shows [ c ^ ] p lo t te d  w ith  th e  1985 V o b s e rv a tio n s  f o r  
CPD-58°2721, which can be co ns ide re d  as show ing th e  changes i n  
tem pe ra tu re  and b r ig h tn e s s  r e s p e c t iv e ly  d u r in g  p u ls a t io n .  To 
w i t h in  o b s e rv a t io n a l e r ro r  th e  f l u x  and te m p e ra tu re  v a r ia t io n s  
appear to  be i n  phase. C o n firm a tio n  o f T^^^ changes d u r in g  
p u ls a t io n  i s  shown by marked changes in  th e  s tre n g th s  o f  
lo w - e x c ita t io n  m e ta l l ic  l in e s  on a tim e s c a le  o f days, th e  changes 
i n  l in e  s tre n g th s  e x h ib i t in g  a s tro n g  dependence on e x c i ta t io n  
p o te n t ia l (S e c t. 5 .2 a ) .  Hack ( I9 6 0 ) observed a s im i la r  v a r ia t io n  
i n  th e  l in e  s tre n g th s  o f  Ups S gr.
A lthough th e  b in a r ie s  must have d i f f e r e n t  e v o lu t io n a ry
h is to r ie s ,  t h e i r  in te r n a l  s t r u c tu r e  and hence t h e i r  p u ls a t io n a l 
c h a r a c te r is t ic s  may be s im i la r  to  those  observed i n  th e  EHe s ta rs .  
E f fe c t iv e  te m p e ra tu re s  and p e r io d s  f o r  n ine  e x tre m e ly  
h y d ro g e n -d e f ic ie n t s ta rs  a re  g iv e n  i n  Table  4 .6 .  The p e rio d s  a re  
c o n s is te n t w ith  m odels o f  r a d ia l  p u ls a t io n  in  h ig h ly  lum inous
h e liu m  s ta rs  (Wood 1976), and th e  appa ren t c o r r e la t io n  between
i
p e r io d  and e f f e c t iv e  te m p e ra tu re  i s  t h a t  to  be expected f o r  the  
case o f  r a d ia l  p u ls a t io n .  The h o t te s t  s ta r  l i s t e d  i n  Table  4 .6 ,  
BD-9°4395, has been proposed by J e f fe r y  e t  a l .  (1985) to  be 
undergo ing  n o n - ra d ia l p u ls a t io n s .  W h ils t  a c o n f irm a tio n  o f  these  
r e s u l t s  i s  d e s ira b le ,  i t  appears t h a t  p a r a l le ls  may be drawn 
between the  p h o to m e tr ic  v a r i a b i l i t y  in  KS P e rse i, Ups Sgr and
F ig u re  4 .?  P lo t  showing th e  [c^ ] ( w i th  e r ro r  b a rs ) and V 
v a r ia t io n s  (c o n s e c u tiv e  n ig h t ly  means jo in e d )  o f  the  1985 
o b s e rv a tio n s , in d ic a t iv e  o f te m p e ra tu re  and lu m in o s ity  v a r ia t io n s  
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Table 4 .6  E f fe c t iv e  te m p e ra tu re s  and p u ls a t io n  p e r io d s  
f o r  n in e  e x tre m e ly  h y d ro g e n -d e f ic ie n t  s ta rs .
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LS II+33 5 
BD-9 4395
? e f f (K ) P e r io d (d ) S ta tu s
7 ,1 0 0^ 38 S
9,000p 30 B
9 ,5 0 0 , 21 S
1 0 ,5 0 0 , 20 B
1 0 ,9 00 , 5 -8 S
1 1 ,9 0 0 , 11 S
14,000^ 9 B
2 141 5 ,0 00 , 3 -4 S
23,000^ 3 .5
11 S
B =B inary, S =S ing le
R e ferences: 1 .Schonberner (1 9 7 5 ); 2 .D r i l l i n g  e t  a l .  (1 9 84 a ); 
3 . Chapter 5 .
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CPD-58^2721 as EHdBs w ith  EHe s ta r s  o f  s im i la r  tem pe ra tu re .
Figure 5.1 An unsharp, masked, deep H-alpha+[ Nil] plate of the 
Carina nebular comolex (reoroduced from Meaburn et al. 1984).
4
10%S 10" 35"
Figure 5.2 An enlargement from a deep H-alpha+[ Nil] plate of the 
Eta Carina nebula showing the region around CPD-58° 2721.
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Figure 5.1 An unsharp, masked, deep H-alpha+[ Nil] plate of the 
Carina nebular complex (reproduced from Meaburn et al. 1984).
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Figure 5.2 An enlargement from a deep H-alpha+[ Nil] plate of the 
Eta Carina nebula showing the region around CPD-58^2721.






5. -A -S peotroa i^D lQ  In v e s t ig a t io n  and F ine  A n a ly s is  o f  CPD-58^27,21
5.1 -The S u rro u n d in g  N ebula  
5 .1 a  DESCRIPTION
CPD-58*^2721 i s  lo c a te d  on th e  o u ts k i r t s  o f  th e  E ta  C a rina  
nebu la  (NGC 3 372 ), a v a s t  re g io n  o f  io n is e d  gas su rrounded and 
crossed  by dense n e u tra l c o n c e n tra t io n s  o f  d u s t, gas and 
m o lecu les . I t  co ve rs  about 2 degrees on th e  sky w hich a t a
d is ta n c e  o f  2.7]J^0.4 kpc (H u tch m e ie r & Day 1975) co rresponds to  
94 pc. F ig . 5 .1  i s  an unsharp , masked photograph o f  th e  C a rina  
n e b u la r complex re p ro du ce d  fro m  Meaburn e t  a l .  . ( 1984), on w h ich  i s  
in d ic a te d  th e  re g io n  under in v e s t ig a t io n  here . F ig .  5 .2  i s  an 
en largem ent fro m  an Ha + [ N I I ]  p la te  showing th e  re g io n  around
CPD-58^2721 (n o te  th e  E~W d i r e c t io n  i s  re ve rse d  from  F ig . 5 .1 ) .
Both  p la te s  were ta ke n  th ro u g h  a 100A in te r fe re n c e  f i l t e r  c e n tre d  
on Ha + [N I I ]  w ith  th e  1 .2 -m  Schm idt te le s c o p e . Exposure tim e s  were 
300 (F ig .  5 .1 )  and 600 m in u te s . The p o s it io n s  o f  th e  s l i t s  a c ross  
th e  s ta r  and n eb u la  f o r  th e  lo n g  and s h o r t - s i  i t  spec troscopy  a re  
in d ic a te d .  CPD-58°2721 appears to  be a s s o c ia te d  w ith  a b r ig h t ,  
ro u g h ly  c i r c u la r  k n o t in  th e  n eb u la  w ith  a d ia m e te r o f —80” , a ls o  
v i s ib le  on SERC 1 .2-m  Schm idt [8 1 1 ] ,  [ O i l ] ,  SR and J p h o to g ra p h ic  
p la te s ,  bu t n o t on B o r  [O U I ]  p la te s .
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An im p o r ta n t q u e s t io n  to  ask i s  w he ther th e  n e b u la r e m iss ion  
a r is e s  from  m a te r ia l s u rro u n d in g  th e  s ta r ,  o r w he the r i t  i s  a 
chance a s s o c ia t io n  o f  CPD-58^2721 and th e  C a rina  nebu la  a long  th e  
l in e  o f s ig h t?  I f  th e  e m iss io n  does a r is e  from  m a te r ia l i n  th e  
v i c i n i t y  o f  CPD-58^2721, what i s  th e  source o f th e  e x c ita t io n ?  I t
co u ld  be e x c ite d  by a h o t secondary, such as have been found in  
Ups Sgr and KS P e rs e i from  u l t r a - v io le t  o b s e rv a tio n s  ( D r i l l i n g  & 
Schonberner 1982 ), o r by th e  s u p e rg ia n t 0 and B s ta rs  i n  the
T rum p le r 16 a s s o c ia t io n  (W alborn  1973). I t  seems u n l ik e ly  th a t
e i t h e r  o f  th e  two s ta r s  c lo se  to  CPD-58°2721 a re  th e  source o f th e
e x c i t a t io n .  CPD-58°2721B 11” sou th  has s tro n g , broad H and K l in e s  
in  i t s  spectrum  (F ig .  5 .3 ) ,  s u g g e s tin g  a s p e c t ra l- ty p e  F o r la t e r ,  
w h i ls t  CPD-58°2721C 2” w est can o n ly  be seen on SERC 1.2-m  Schm idt 
SR and I  p la te s  and so i s  p ro b a b ly  c o o l.
An e s tim a te  o f th e  e le c tr o n  tem pe ra tu re  o f  th e  nebu la  can 
be made by s tu d y in g  th e  l in e s  from  io n s  w h ich  have e n e rg y - le v e l 
s t r u c tu re s  t h a t  r e s u l t  i n  em iss io n  from  two d i f f e r e n t  upper le v e ls  
w ith  c o n s id e ra b ly  d i f f e r e n t  e x c i t a t io n  e n e rg ie s . T h is  can be 
a p p lie d  to  th e  r a t i o  o f  the  [ N i l ]  l in e s  I(6 5 4 8 + 6 5 8 3 A )/I(5 7 5 5 A ), 
where I  r e fe r s  to  th e  in t e n s i t ie s  o f  the  l in e s  c o rre c te d  f o r  
e x t in c t io n .  The l in e s  a t  6548A and 6583A a re  w e l l  d e f in e d . 
However, [ N i l ]  5755A l i e s  a t  th e  edge o f our s p e c tra l coverage ; th e  
s ig n a l- to - n o is e  i s  c o rre s p o n d in g ly  low and [ N i l ]  5755A i s  n o t 
v i s ib le .  A ltho u gh  a d i r e c t  measure o f  T^ i s  n o t p o s s ib le , the  
e x c i t a t io n  s ta te  o f  th e  gas can be a sse rte d  from  th e  n a tu re  o f the  
e m is s io n  l in e s  p re s e n t. Gaseous nebulae a re  g e n e ra lly  c la s s i f ie d
F ig u re  5*3 The C a ll and K l in e s  o f CPD-58 2721 and
CPD-58^2721B, The spectrum  o f CPD-58^2721B has been smoothed to  
im prove  s ig n a l- to - n o is e .  The H and K l in e s  in  CPD-58^2721 d is p la y  
a s in g le  i n t e r s t e l l a r  component, and a s t e l l a r  component w h ich
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in to  th e  two m ain c a te g o r ie s  o f  H I I  ( d i f fu s e )  re g io n s  o r p la n e ta ry  
nebu lae. N ebu la r e m iss io n  l in e s  id e n t i f ie d  i n  th e  s p e c tra  a re  3726 
& 3729A [ O i l ] ,  5876a [H e l ] ,  6364A [0 1 ] ,  6548 & 6583A [ N i l ] ,  Ha ,
and 6716 & 6731A [ S I I ] ,  They a re  much more ty p ic a l o f a
lo w - e x c i ta t io n  H I I  re g io n  tha n  a h ig h - e x c ita t io n  p la n e ta ry  nebu la . 
T h is  i s  co n firm e d  by the  absence o f fe a tu re s  re la te d  to  
h ig h - e x c i ta t io n  l in e s  such as [O U I ]  on SERC 1 .2-ra Schm idt 
p h o to g ra p h ic  p la te s .  T^=10^K i s  adopted a f t e r  F au lkne r & A l le r  
( 1965) who made o p t ic a l  d e te rm in a tio n s  o f  T^:P9 ,0 0 0 -1 0 ,000K a t  
e ig h t  p o in ts  o v e r th e  C a rina  nebu la . The l in e  r a t io  
I ( [N I I ]6 5 4 8 + 6 5 8 3 A ) / I(H a  ) ,  which i s  s e n s it iv e  to  changes in  th e  
e x c i t a t io n  s ta te  o f  th e  gas, shows no s ig n i f ic a n t  v a r ia t io n  a long  
th e  s l i t  le n g th .  The mean r a t io  from  summing a long  the  s l i t - l e n g t h  
i s  0 .5 1 ^0 .1 2 .
The e le c tr o n  d e n s ity  N^ may be e s tim a te d  by m easuring th e
e f fe c ts  o f  c o l l i s i o n a l  d e - e x c i ta t io n  on two l in e s  from  the  same io n
w ith  n e a r ly  th e  same e x c i t a t io n  energy so th a t  the  r e la t iv e
p o p u la tio n s  o f  th e  two le v e ls ,  and hence the  r a t io  o f the  l in e
in t e n s i t ie s ,  i s  dependent upon th e  d e n s ity .  The most f re q u e n t ly
used r a t io s  a re  [ O i l ]  K 3729 /3726A ) and [ S I I ]  1(6717/6731 A ) . The
[ S I I ]  l in e s  e x tra c te d  fro m  th e  s h o r t - s l i t  spectroscopy a re  shown in
F ig .  5 . 4 , f o r  w h ich  th e  measured in t e n s i t y  r a t io  i s  1 .2 2 *0 .1 2 .
A lthough  the  l in e s  a re  u n c o rre c te d  f o r  e x t in c t io n  and in s tru m e n ta l
response, e r r o r s  a r is in g  from  these e f fe c ts  can be expected to  be
n e g l ig ib le .  For T =10^K we o b ta in  N =l35*25om~^ (N =90cra”’^ f o re e — e
T^=5x10^K) (O s te rb ro c k  1974a). The s ig n a l- to -n o is e  o f the  [ S I I ]  
6716/ 6731A l in e s  i n  th e  l o n g - s l i t  spectroscopy is  in s u f f i c i e n t  to
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d e te rm ine  w he ther th e re  i s  any v a r ia t io n  o f  a long  th e  s l i t  
le n g th .
As th e  r a d ia l  v e lo c i t ie s  de te rm ined  fro m  Ha , [ N i l ]  and [ S I I ]  
i n  th e  l o n g - s l i t  sp ec tro sco py  a re  s im i la r ,  o n ly  th e  measurements 
from  Ha a re  p resen ted . The v a r ia t io n  o f  th e  h e l io c e n t r ic  r a d ia l  
v e lo c i t y  a long  th e  s l i t  (a lig n e d  W-E) i s  shown in  F ig . 5 .5 .  The 
e r r o r  on th e  in d iv id u a l  v e lo c i t ie s  i s  e s tim a te d  to  be *2km s ~ \  
The r a d ia l - v e lo c i t ie s  show a s h i f t  tow ards more p o s i t iv e  v e lo c i t ie s  
to  th e  e a s t, w ith  a mean o f  11*3km s " " \  F ig .  5 .6  i s  th e  n e b u la r 
spectrum  6540-6590A o b ta in e d  fro m  summing o ve r a l l  p ix e ls  a long  th e  
s l i t .  The e m iss io n  l i n e  p r o f i le s  show a sm a ll excess i n  th e  re d  
w ings w h ich  i s  n o t r e a d i ly  appa ren t i n  th e  s p e c tra  o f the  
in d iv id u a l  p ix e ls .  The [ S I I ]  l in e s  from  th e  s h o r t - s l i t  
sp e c tro sco p y  in  F ig . 5 .4  appear to  show th e  same phenomenon. I t  
may re p re s e n t u n re so lve d  s p l i t t i n g  o f  th e  l in e s ,
5 .1 b  THE RELATION OF THE NEBULA TO CPD-58°2721
D ic k e l (1974) used th e  measurements o f  Graham (1970) to  
e s tim a te  th a t  th e  fo re g ro u n d  e x t in c t io n  f o r  th a t  p a r t  o f  th e  nebu la  
i n  th e  d i r e c t io n  o f  CPD-58°2721 i s  about 1 .5  mag. The spectrum  o f 
CPD-58^2721 shows th e  4430A i n t e r s t e l l a r  e x t in c t io n  fe a tu re  w h ich  
i s  p re s e n t in  th e  s p e c tra  o f  h e a v ily  reddened s ta r s .  Schonberner 
e t  a l .  ( 1982) e s tim a te  Eg_.^=0.70*0.05 f o r  CPD-58°2721 from  a s tudy  
o f  i t s  u l t r a - v i o l e t  f lu x .  A do p ting  th e  re d de n ing  law  o f Seaton 
(1979) le a d s  to  a v is u a l e x t in c t io n  Ay(=3 .2E g_y) o f  2 .2  mag. As 
t h i s  i s  s ig n i f i c a n t ly  la r g e r  th a n  th e  fo re g ro u n d  v is u a l  e x t in c t io n .
^ H E L  ^  )
Ob 10 o CD Ob 4^
C O O
cn
F ig u re  5 .5  The v a r ia t io n  o f  th e  h e l io c e n t r ic  r a d ia l  v e lo c ity  
(km s*"^) de te rm ined  from  th e  Ha l i n e  as a fu n c t io n  o f  p o s i t io n  
a lo n g  th e  s l i t  le n g th .
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i t  in d ic a te s  th a t  CPD-58°2721 l i e s  in ,  o r a t  a g re a te r  d is ta n c e  
than , the  C a rin a  nebu la . U sing  the  M agn itude-D is tance  r e la t io n  
= -4 .0  f o r  CPD-58^2721 a t  the  d is ta n c e  o f th e  C a rina  nebu la . 
C e r ta in ly  such a v a lu e  would n o t be in c o n s is te n t  w ith  th e  M  ^
e s tim a te s  o f  -3 .2 ^ 0 .7  fo r  KS P e rse i (D anz ige r e t  a l .  1967) and 
-4 .8 ^ 1 .0  fo r  Ups Sgr (Rao and Venugopal 1985).
D ic k e l p ro v id e s  a co n to u r map o f th e  v is u a l e x t in c t io n  ac ross  
th e  nebu la  c lo s e  to  CPD-58°2721 a f t e r  the  c o n t r ib u t io n  from  th e  
fo re g ro u n d  e x t in c t io n  has been removed. The s ta r  l i e s  w e l l  away 
from  the  d i r e c t io n  where the  nebu la r a b s o rp tio n  i s  g re a te s t .  In  
th e  re g io n  o f  CPD-58°2721 any a d d it io n a l n e b u la r e x t in c t io n  i s  
p ro b a b ly  s m a ll ( < 1 mag). W ith  an 0 .7  mag excess over th e  
e s tim a te  f o r  th e  fo re g ro u n d  e x t in c t io n ,  the  s ta r  co u ld  l i e  w i t h in  
o r  beyond th e  n ebu la . The i n t e r s t e l l a r  C a ll  H and K l i n e  p r o f i le s  
appear s in g le  in  CPD-58^2721 (F ig .  5 .3 ) .  The s ta r  l i e s  o u ts id e  th e  
re g io n  w i t h in  w h ich  s ta r s  embedded in  th e  C a rin a  nebu la  d is p la y  
com plex i n t e r s t e l l a r  C a l l  l i n e  p r o f i le s  (W alborn  1982, W alborn & 
Hesser 1982)
Meaburn e t  a l .  (1984) measured the  r a d ia l  v e lo c i t ie s  o f [O U I ]  
5007A a c ro ss  th e  C a rin a  nebu la  a t  low  s p a t ia l  r e s o lu t io n  (3 * )  and 
found  la rg e - s c a le  v e lo c i t y  components ove r a range o f  84km s*"^. A 
s im i la r  v e lo c i t y  range in  Ha was found by Deharveng & M aucherat 
(1 9 7 5 ). W ith in  a re g io n  o f  d iam ete r 3 ' (= 2 .4 p c ) in c lu s iv e  o f 
CPD-58°2721, Meaburn e t  a l .  found a s in g le  v e lo c i t y  component 
VHEL=-8km s  ^ , s im i la r  to  the  va lue  observed here  f o r  the  
Ha l i n e .  Over a re g io n  ^1 0  tim e s  la r g e r  they f in d  two v e lo c i t y
Page 78
components p re s e n t, one c o n tin u o u s ly  v a r ia b le  fro m  — 30km s”  ^ to
~1 -1^ - 1 5km s , and a n o th e r co n s ta n t a t  about -10km s . I t  seems
th e re fo re ,  th a t  th e  v e lo c i t y  o f  the  io n is e d  gas i n  th e  k n o t 
s u rro u n d in g  CPD-58^2721 i s  c o n s is te n t  w ith  th a t  o f  th e  io n is e d  gas 
i n  th e  s u rro u n d in g  C a rin a  n ebu la .
I f  CPD-58 2721 l i e s  w i t h in  th e  C a rina  nebu la  i t  i s  p o s s ib le  to  
e s tim a te  th e  s iz e  o f  th e  su rro u n d in g  re g io n  expected  to  be io n is e d  
by the  s ta r .  The energy source th a t  produces th e  io n is in g  
r a d ia t io n  i n  a nebu la  i s  a lm ost a lw ays u l t r a - v i o l e t  r a d ia t io n  
a s s o c ia te d  w ith  a s ta r  w ith  T ^^^ ^  3 0 ,COOK, A ltho u g h  CPD-58°2721 
appears to  be to o  co o l to  io n is e  th e  su rro u n d in g  re g io n ,  i t  may be 
th e  case th a t  a h o t secondary p ro v id e s  th e  necessary io n is in g  
r a d ia t io n .  The h o t se con d a ries  d e te c te d  i n  Ups Sgr and KS P e rs e i
have been v a r io u s ly  e s tim a te d  to  be o f  s p e c tra l type  B 2-09 .5  (see  
Chap. 3 ) .  I f  we c o n s id e r the  s im p l i f ie d  case o f  a c lo u d  o f  pu re  
hydrogen o f  c o n s ta n t d e n s ity  s u rro u n d in g  th e  s ta r ,  we can e s tim a te  
the  number o f  pho tons per second Q re q u ire d  to  produce com ple te  
io n is a t io n  w i t h in  th e  c lo u d  o u t to  a ra d iu s  r .  The presence o f 
[0 1 ]  i s  ta k e n  as in d ic a t in g  th a t  the  kn o t i s  o p t ic a l l y  t h ic k  a t  
Ha and ra d ia t io n -b o u n d e d . Only those  photons above th e  th re s h o ld  
fre q u e n cy  a b le  to  io n is e  hydrogen frcm  th e  ground s ta te  need to  
be co n s id e re d , and u s in g  th e  r e s u l t  t h a t  io n is a t io n  i s  com p le te  
w i t h in  a ra d iu s  r  ( o f te n  c a l le d  th e  S trom gren sphere ) and z e ro  
o u ts id e  :
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Q s / L y / h y  = 4 7 i r ^ N „ a „ / 3  (O s te rb ro c k  1974b). % n JD
where L,. i s  th e  lu m in o s ity  o f the  s ta r  a t  a fre qu e ncy  v , h
re p re s e n ts  P la n c k 's  c o n s ta n t and ct^  i s  th e  re c o m b in a tio n
c o e f f ic ie n t  f o r  hydrogen summed over a l l  le v e ls  above th e  ground
le v e l .  The p h y s ic a l meaning o f  t h is  e q u a tio n  i s  th a t  th e  t o t a l
number o f  io n is in g  photons e m itte d  by th e  s ta r  per second ju s t
ba lances  th e  t o t a l  number o f re co m b in a tio n s  to  th e  e x c ite d  le v e ls
w i t h in  th e  volume 4 ^ r  / 3 .  A t the  d is ta n c e  o f th e  C a rin a  n ebu la
th e  a n g u la r  ra d iu s  o f  the  k n o t corresponds to  r= 0 .5 p c . W ith
N^=NH=l35cm ^ and T^=10^K we o b ta in  Q=7x10^^ photons s ^ . Model 
s t e l l a r  a tm ospheres (M orton  1969, Hummer & M ih a la s  1970) show th a t  
t h i s  w ou ld  co rrespond  to  a B i- ty p e  m ain-sequence secondary, s im i la r  
to  those  d e te c te d  i n  Ups Sgr and KS P e rse i. T ha t such a secondary 
i s  n o t d e te c ta b le  in  th e  o p t ic a l  re g io n  i s  due to  th e  dominance o f 
th e  c o o le r  p r im a ry  a t  lo n g e r  w ave leng ths .
In  summary, th e  k n o t su rro u n d in g  CPD-58°2721 has a n e b u la r 
e m is s io n  spectrum  t y p ic a l  o f  an H I I  re g io n , w ith  T^=10^K and 
N ^^ IO ^cm  The r a d ia l  v e lo c i t y  o f the  io n is e d  hydrogen i n  th e
k n o t i s  c o n s is te n t  w ith  v e lo c i t y  measurements o f  th e  io n is e d  gas i n  
th e  s u rro u n d in g  C a rin a  nebu la . The heavy re d d e n in g  o f  CPD-58°2721 
in d ic a te s  th a t  th e  s ta r  l i e s  w i t h in  o r a t  a g re a te r  d is ta n c e  tha n  
th e  C a rin a  n e b u la . W h ils t  i t  has no t been p o s s ib le  to  c o n firm  o r 
d is c o u n t a p h y s ic a l l i n k  between CPD-58*^2721 and th e  s u rro u n d in g  
n e b u la , th e  s iz e  o f  th e  k n o t a t  the  d is ta n c e  o f th e  C a rin a  nebu la  
w ou ld  be c o n s is te n t  w ith  io n is a t io n  by a h o t secondary o f a s im i la r
F ig u re  5 .6  The Ha and [ N i l ]  e m iss io n  l i n e  p r o f i le s  form ed from  
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F ig u re  5 .7  Com parison o f  th e  s p e c tra  o f CPD-58°2721 ( to p )  and the  
c a rb o n -r ic h  EHe s ta r  HD168476 in  th e  w ave leng th  re g io n  o f CXI 4267A 
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s p e c tra l type  as have been d e te c te d  in  Ups Sgr and KS P e rs e i. T ha t th e  
u l t r a - v i o l e t  spectrum  o f CPD-58°2721 (S ec t 5 .3 a ) i s  due p r im a r i ly  
to  th e  v i s ib le  s ta r  does n o t p re c lud e  the  e x is te n c e  o f a h o t 
secondary.
5 .2  Tiia.S.pbQtrum  V. a r l a b i l i t y  of ,  CFD.-:5.8.^ 27.2.1.
5 .2 a  THE ABSORPTION SPECTRUM
The spectrum  o f CPD-58^2721 i s  ve ry  s im i la r  to  those  o f  th e  
o th e r  EHdBs Ups S gr, KS P e rse i and LSS 4300 (Hack I960 , W a lle r s te in  
e t  a l .  1967, Schonberner & D r i l l i n g  1984). The hydrogen l in e s  a re  
f a r  weaker than  in  * no rm a l’ s ta r s  o f  s im i la r  te m p e ra tu re , w h i ls t  
th e  l in e s  o f  n e u tra l he lium  and s in g ly  and d oub ly  io n is e d .m e ta ls  
a re  numerous and s tro n g . L in e s  o f  n it ro g e n  a re  s tro n g  b u t th e  o n ly  
ca rbon  l i n e  a t  4267A i s  weak, in  c o n tra s t  to  th e  c a rb o n -s tro n g  
s p e c tra  o f th e  EHe s ta r s .  F ig . 5 .7  compares th e  s p e c tra  o f  
CPD-58°2721 and th e  EHe s ta r  HD168476 in  th e  w a ve len g th  re g io n  o f  
C I I  4267A. L in e s  have been id e n t i f ie d  in  th e  a b s o rp t io n  spectrum  
o f  CPD-58°2721 from  H, H e l, C I I ,  N i l ,  M g ll,  S i l l  & I I I ,  S I I  & I I I ,  
C a ll ,  T i l l ,  C r I I ,  M n ll,  F e l l  & I I I ,  N i l l ,  and p o s s ib ly  A l l  and 
N e l. Oxygen l in e s  a re  n o t p re se n t. A l l  th e  l in e s  show th e  same 
v e lo c i t ie s  and so must a l l  a r is e  i n  th e  same atm osphere. There i s  
no tra c e  o f  a secondary component.
F ig u re  5 .8  Comparison o f  two CASPEC s p e c tra  o f CPD-58 2721 take n  
on 1985 A p r i l  6 th  ( to p )  and A p r i l  9 th  in  th e  w a ve leng th  re g io n  o f  
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F ig u re  5 .9  Changes i n  th e  re s id u a l in t e n s i t ie s  (R) o f  F e l l  l in e s  
(numbers g iv e n ) between th e  two s p e c tra  o f  F ig u re  5 . 8 , shown as a 
fu n c t io n  o f e x c i t a t io n  p o te n t ia l .  L in e -s t re n g th  changes in  M g ll 
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The two CASPEC s p e c tra  o b ta in e d  on 1985 A p r i l  6 th  and 9bh show 
marked changes i n  th e  s tre n g th s  o f  low  e x c i t a t io n  m e ta l l ic  l in e s  
( F ig .  5 .8 ) .  However, th e re  i s  no g en e ra l weakening o f  th e  l in e s ,  
b u t a c le a r  dependence on th e  e x c i ta t io n  p o te n t ia l .  L in e s  w i th  low  
e x c i t a t io n  p o te n t ia ls  show th e  la r g e s t  changes, w h ile  those  w ith  
h ig h  e x c i t a t io n  p o te n t ia ls  change le s s .  For e lem ents  w ith  s im i la r  
io n is a t io n  p o te n t ia ls ,  d i f f e r e n t i a l  e f fe c ts  on l in e s  f o r  changes i n  
te m p e ra tu re  (o r  p re ssu re ) a re  e s s e n t ia l ly  due to  d if fe re n c e s  i n  
e x c i t a t io n  p o te n t ia ls .  Thus we expect M g ll and S i l l  to  behave 
s im i la r ly  and F e l l  and C r I I  to  fo rm  a sepa ra te  g roup . The 
b e h a v io u r o f th e  F e l l  l in e s  i s  shown in  F ig . 5 .9 .  O nly those  l in e s  
w ith  a re s id u a l in t e n s i t y  R =0 .6-0 .8  on the  9 th  were used. T h is  
a vo id s  th e  s tro n g e r  s a tu ra te d  l in e s  which a re  le s s  s e n s i t iv e  to  
changes in  th e  atm osphere, and th e  weaker l in e s  w h ich  a re  more 
a f fe c te d  by n o is e . Note th a t  th e  h ig h  e x c i t a t io n  S i l l l  l i n e s  i n  
F ig .  5 .8  have a lm ost id e n t ic a l  e q u iv a le n t w id th s  i n  th e  two 
s p e c tra . Hence i t  i s  concluded th a t  these spectrum  changes a re
p ro b a b ly  re la te d  to  th e  e f f e c t iv e  tem pe ra tu re  changes deduced fro m  
th e  c o lo u r v a r ia t io n s  (Chap. 4 ) ,  th e  weakened m e ta l l ic  l in e s  on th e  
6 th  in d ic a t in g  a h ig h e r  te m p e ra tu re  p re v a i l in g  th a n  on th e  9 th .
As w e l l  as l in e - s t r e n g th  changes between th e  two s p e c tra , 
l i n e - p r o f i l e  changes a re  a pp a re n t. Some o f  th e  weakened l in e s  on 
th e  6 th  appear skewed, w ith  a re d  excess i n  th e  l i n e  w in g s . The 
phenomenon o f  p r o f i l e  v a r ia t io n s  does n o t seem l im i t e d  to  any io n  
o r  group o f  io n s , i t  does n o t even appear to  a f f e c t  a l l  th e  l in e s  
o f  any one io n .  T h is  i s  u n l ik e  the  l in e - s t r e n g th  changes w h ich
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e x h ib i t  a c le a r  dependence on e x c i t a t io n  p o te n t ia l .  The changes in  
l in e  p r o f i le s  cou ld  be caused by s l i g h t  mass m o tio ns  w hich m ig h t be 
re la te d  to  th e  s ta r s  p h o to m e tr ic  v a r i a b i l i t y .  E r r a t ic  o r 
q u a s i-p e r io d ic  changes i n  s p e c t ra l l in e  p r o f i le s  occur f re q u e n t ly  
in  s u p e rg ia n ts  (Rosendahl 1973a).
As l in e s  o f h ig h  e x c i t a t io n  such as H e l, N i l ,  and S i l l l  a r is e  
in  the  h o t te r  p a r ts  o f  th e  a tm osphere, lo w e r tha n  the  l in e - fo r m in g  
re g io n s  o f  lo w e r e x c i t a t io n  such as H, F e l l ,  T i l l  and C r I I ,  
v e lo c i t y  g ra d ie n ts  have o c c a s io n a lly  been found  in  th e  atm ospheres 
o f  some s u p e rg ia n ts  ( In o u e  1 97 9 ). The h e l io c e n t r ic  r a d ia l  
v e lo c i t ie s  f o r  the  l in e s  o f  each io n ic  sp e c ie s  g iv e n  in  Table  5*1 
are  shown in  F ig .  5 .1 0  ( a p a r t  fro m  th a t  o f C I I  4 2 6 7 A w hich i s  
p o o r ly  d e f in e d ) .  Only th e  T i l l ,  C r I I  and F e l l  l in e s  a re  
s u f f i c i e n t l y  numerous to  a llo w  d e te c t io n  o f  aiiy sm a ll s y s te m a tic  
d if fe re n c e s  between s p e c ie s . F ig ,  5.11 sugges ts  th a t  th e re  i s  a 
sm a ll ('N. 3km s~^) b u t s ig n i f ic a n t  d if fe re n c e  i n  th e  v e lo c i t y  o f th e  
T i l l  l in e s  and those  o f th e  C r I I  and F e l l  l in e s .  For Ups Sgr, 
B idelraan (1950) conc luded  th a t  any s y s te m a tic  d if fe re n c e s  in  th e
r a d ia l  v e lo c i t ie s  o f  th e  d i f f e r e n t  e lem ents  a re  p robab ly  le s s  th a n
- 13km 8 .
W alker & H i l l  ( 1985) have re p o r te d  th e  presence o f 
r a d ia l - v e lo c i t y  changes in  HD168476, a lth o u g h  they f a i le d  to  
f in d  any p e r io d ic i t i e s  i n  th e  v a r ia t io n s ,  Abt (1957) and A yd in
(1979) r e p o r t  s e m i- re g u la r  r a d ia l - v e lo c i t y  changes in  many
— 1 is u p e rg ia n ts  w ith  a m p litu d e s  o f  ~ 5 -1 0km s”  , on a t im e sca le  as
s h o r t  as a hou r, J e f fe r y  e t  a l .  (1987b) have suggested th a t  th e
"^HEL ® )
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F ig u re  5 .1 0  The h e l io c e n t r ic  r a d ia l  v e lo c i t ie s  o f  th e  l in e s  used 
i n  th e  abundance a n a ly s is .









F ig u re  5.11 An expanded p lo t  o f F ig u re  5 .1 0  showing o n ly  th e  
T i l l ,  C r I I  and F e l l  l in e s .
Page 83
presence o f s m a ll-a m p litu d e  r a d ia l - v e lo c i t y  v a r ia t io n s  i n  a d d i t io n  
t o  th a t  due to  i t s  b in a r i t y  c o u ld  h e lp  e x p la in  th e  la rg e  re s id u a ls  
o b ta in e d  i n  t h e i r  d e te rm in a t io n  o f  a s p e c tro s c o p ic  b in a ry  p e r io d  
f o r  CPD-58°2721.
5 .2 b  THE EMISSION SPECTRUM
Ha and H^ appear i n  e m iss io n , and a t  some phases f i l l  in  th e  
p h o to s p h e ric  a b s o rp t io n  l i n e  (F ig ,  5 ,1 2 ) .  The em iss io n  i s  v a r ia b le  
i n  s tre n g th  and p r o f i l e ,  and has a r a d ia l - v e lo c i t y  cu rve  d i f f e r e n t  
from  th a t  o f th e  p h o to s p h e r ic  l in e s .  Three p r o f i le s  o f  the  
Ha l in e  a re  d is p la y e d  i n  F ig . 5 .1 3 . They in d ic a te  v a r ia b le  
la rg e -s c a le  v e lo c i t y  f i e ld s  w ith  r e la t i v e  v e lo c i t ie s  i n  excess o f  
100km s ^ . I n  1982 F e b rua ry  no p h o to s p h e r ic  a b s o rp t io n  component 
i s  appa ren t whereas th e  1984 A p r i l  spectrum  c o n ta in s  two peaks, 
su g g e s tiv e  o f a p h o to s p h e r ic  a b s o rp t io n  co re  s im i la r  to  th a t  found  
i n  s h e l l  s ta r s  ( U n d e r h i l l  I9 6 0 ) .  However, th e re  i s  no evidence f o r  
a su rro u n d in g  s h e l l  as has been found  f o r  Ups Sgr (Hack I960 ; 
Sahade & A lbano 1970 ), w h ich  u n l ik e  CPD-58^2721 d is p la y s  a la rg e  
in f r a - r e d  excess ( D r i l l i n g  e t  a l .  1984b). The em iss ion  appears 
s tro n g e r  i n  1985 March and a g a in  shows s e v e ra l components p re se n t. 
A weakened continuum  d u r in g  e c lip s e  co u ld  produce an appa ren t 
s tre n g th e n in g  o f  th e  e m iss io n . However, t h i s  seems u n l ik e ly  as no 
ev idence  f o r  e c lip s e s  has been d e te c te d  p h o to m e tr ic a l ly  (Chap. 4 ) .
F ig u re  5 .1 2  H/3 p r o f i le s  f  rem two CAS PEC
s p e c tra  take n  on 1985 A p r i l  9 th  ( to p )  and 
O ctobe r 7 th  ( k in d ly  s u p p lie d  by




F ig u re  5 .13  Changes i n  th e  Ha em iss ion  l i n e  p r o f i le ,  w ith  da tes  
shown. The r e s t  w ave leng th  i s  marked by an a rrow  in  each l in e .
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F ig u re  5 .1 2  H/J p r o f i le s  frcm  two CASPEC 
s p e c tra  take n  on 1985 A p r i l  9 th  ( to p )  and 
O ctober 7 th  ( k in d ly  s u p p lie d  by
Dr Ü .H e b e r).
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F ig u re  5 .13  Changes i n  th e  Ha em iss ion  l in e  p r o f i le ,  w ith  d a te s  
shown. The r e s t  w ave leng th  i s  marked by an a rrow  in  each l in e .
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S tro n g  and v a r ia b le  Ha e m iss ion  has been found i n  KS P e rs e i 
and Ups Sgr and has been in te r p r e te d  as m a s s -tra n s fe r  th rough  th e  
L ag ra n g ia n  p o in t  (Hack 1960, N a r ia i 1967» 1972). The r e s u l t s
p resen ted  he re  suggest th a t  m a s s -tra n s fe r a ls o  o ccu rs  in  
CPD-58^2721. I t  i s  u n d e rs ta n d a b le  why H e m iss ion  i s  n o t p re se n t in  
th e  EHe s ta r s  i f  th e  e m iss io n  observed in  th e  EHdBs a r is e s  from  
m ass-flow  between th e  b in a ry  components. Rosendahl (1973b) f in d s  
th a t  consp icuous  e m is s io n  in  Ha i s  o n ly  expected f o r  s u p e rg ia n ts  
(M^ < -6 )  s e v e ra l m agnitudes b r ig h te r  tha n  th e  EHe s ta r s  
( -2  > My > - 6 ,  D r i l l i n g  1986).
5 .3  F in e  A n a ly s is  o f  CPD_-58°2721
5 .3 a  DETERMINATION OF ATMOSPHERIC PARAMETERS
In  c o l la b o r a t io n  w ith  Dr U.Heber o f  K ie l U n iv e rs i ty ,  a 
f in e - a n a ly s is  o f  CPD-58^2721 was perform ed u s in g  a model atm osphere 
code deve loped  a t  K ie l  U n iv e rs ity  by Dr D. Schonberner. A g r id  o f  
c o n s ta n t f l u x  con tinuum  LTE model atmospheres c o v e r in g  th e  range 
9,500K ^  "^ e ff ^  15»000K and 0 .5  ^  lo g  g ^  2 .0  were gene ra ted  w ith  
com puters o f  th e  T echn ische  U n iv e r s i ta t  o f West B e r l in .  The 
program has been d e s c r ib e d  p re v io u s ly  in  d e ta i l  by Hunger & Van 
B lerkom  (1 9 6 7 ), W o lf (1 9 7 3 ), Schônberner (1 9 73 ), and Schonberner & 
W o lf (1 9 7 4 ). The atm osphere i s  assumed to  be p lane p a r a l le l ,  and 
i n  h y d r o s ta t ic  and r a d ia t iv e  e q u il ib r iu m . The models had a u n ifo rm  
chem ica l c o m p o s it io n , w ith  a h e lium  abundance (number f r a c t io n )  
n ^^= 0 .9 9 . As n e u t ra l  h e lium  is  the  main source o f  o p a c ity  th e
F ig u re  g . l4  Observed f l u x  d is t r ib u t io n s  c o rre c te d  f o r  e x t in c t io n
o f a) BD+1°4381 (T ^^^=9,500K ) b) LSIV-1 2 (T ^^^= 1 1 ,900K)e f f
g ) CPD-58°2721 d )  LSS 4300 (T ^^^= 1 4 ,4 0 0 K ).
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F ig u re  5 .15  Model f lu x  d is t r ib u t io n s  f o r  T^^^r9,500K  lo g  g=1 .0 
(b o ld  l i n e ) ,  T^^^=12,000K lo g  g =0.5 (d a s h -d o t te d ) , T^^^=13,000K
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s t r u c tu r e  o f  th e  a tm osphere i s  e s s e n t ia l ly  de te rm ined  by g
( g r a v i t y )  and n ^^ . T h is  i s  u n l ik e  th e  EHe s ta rs  i n  w h ich  ca rbon  i s  
much more abundant th a n  i n  th e  EHdBs and can a c t as th e  m ain source 
o f  o p a c ity  because o f th e  low  o p a c ity  o f n e u tra l h e liu m .
The u l t r a - v i o l e t  spectrum  o f  CPD-58^2721 (c o r re c te d  f o r  
e x t in c t io n )  o b ta in e d  w i th  th e  lUE s a t e l l i t e  u s in g  th e  SWP 
(1150-2000A) and LWR (1825-3300A) cameras i s  shown i n  F ig . 5 .1 4  
a lo ng  w ith  th e  ÜBV measurements ( c i r c le s ) .  A c o lo u r excess 
Eg_y=0.70 was adop ted  fro m  Schonberner e t a l ,  ( 1982) who used th e  
re v e rs a l o f  th e  2200A fe a tu r e  as th e  c r i t e r io n  f o r  z e ro  re d d e n in g . 
The re d d e n in g  la w  o f  Handy e t  a l .  (1975) was used, n o rm a lise d  to
R=3.2 (S ea ton  1979 ). A lso  shown in  F ig , 5 .1 4  f o r  com parison a re
th e  ,31fE o b s e rv a tio n s  and UBV measurements o f  th e  EHe s ta r s
BD+1°4381 (T e ff= 9 ,5 0 0 K ) and LS IV -1 °2  (T^^^=11 ,9 0 0 K ), and th e  EHdB
LSS 4300 (T g ^ ^ = l4 ,4 0 0 K ), each c o rre c te d  f o r  e x t in c t io n  u s in g  th e
recom m endations o f  D r i l l i n g  e t  a l .  (1984a) and Schonberner & 
D r i l l i n g  (1 9 8 4 ).
In  th e  case o f th e  s in g le  EHe s ta rs  th e  f l u x  d is t r i b u t io n  o f  
th e  s ta r  can g iv e  an a c c u ra te  in d ic a t io n  o f  However, th e
b in a r i t y  o f  CPD-58°2721 means th a t  i t  may n o t be p o s s ib le  to  use 
th e  f l u x  d is t r i b u t io n  o f  th e  s ta r  to  o b ta in  an a c c u ra te  te m p e ra tu re  
d e te rm in a t io n  due to  th e  presence o f a secondary w h ich  may
s ig n i f i c a n t l y  a l t e r  th e  f l u x  d is t r ib u t io n .  Schonberner e t  a l .  
(1982) e s tim a te d  T^^^=11,100K f o r  CPD-58°2721 from  u l t r a - v i o l e t  and 
ground-based o b s e rv a t io n s . I t  i s  obv ious from  a com parison o f  th e  
observed f l u x  d is t r ib u t io n  o f  CPD-58°2721 ( F ig . 5 .1 4 ) w ith  th e
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m odels, some o f  w h ich  a re  shown i n  F ig . 5 .1 5 , th a t  i f  T^^^=11,100K 
th e n  a f lu x  excess i s  p re s e n t i n  th e  SWP spectrum . KS P e rse i and 
Ups Sgr (T^^^=9,000K  and 10,500K r e s p e c t iv e ly )  show f a r  
u l t r a - v i o l e t  excesses due to  th e  presence o f  a h o t secondary 
( D r i l l i n g  & Schonberner 1982 ), and have f l u x  d is t r ib u t io n s  l i k e  
th a t  o f  the  h o t te r  s ta r  LSS 4300. Schonberner & D r i l l i n g  (1984) 
have suggested t h a t  LSS 4300 i t s e l f  d is p la y s  a s m a ll, f a r  
u l t r a - v i o l e t  excess when compared to  EHe s ta r s  o f  s im i la r  
te m p e ra tu re . I t  has been p o s s ib le  to  observe  h ig h - e x c i ta t io n  l in e s  
d i r e c t l y  from  th e  h o t se co n d a rie s  i n  SWP s p e c tra  o f  Ups Sgr and 
KS P e rse i ( D r i l l i n g  & S chonberner 1982, P a r th a rs a re th y  e t  a l .  
1986). T h is  has n o t been p o s s ib le  f o r  CPD-58°2721 due to  th e  poor 
s ig n a l- to -n o is e  o f  i t s  SWP spectrum .
I t  i s  necessary to  in c lu d e  a m ic ro tu rb u le n c e  v e lo c i t y  v^ in t o  
th e  m odels to  accoun t f o r  n o n -th e rm a l b roaden ing  o f  s p e c tra l 
l in e s .  A v ^  o f 10km s  ^ was used, s im i la r  to  th a t  adopted i n  th e  
a n a lyse s  o f  Ups Sgr (Hack & P a s in e t t i  1963) and LSS 4300 
(S chonberner & D r i l l i n g  1984). The S ta rk  broadened H e l l i n e  
p r o f i le s  a re  s e n s i t iv e  to  th e  e le c t r o n  d e n s ity  and can th e re fo re  be 
used to  de te rm ine  T^^^ and th e  g r a v i t y .  S im i la r ly ,  th e  io n is a t io n  
e q u il ib r iu m  o f an e lem ent i n  su cce ss ive  s tages o f  io n is a t io n  can 
su p p ly  ano the r e s tim a te  o f  T^^^ and g r a v i t y  by r e q u ir in g  th a t  th e  
two io n s  g iv e  an agreement i n  abundance. The e q u iv a le n t w id th s  and 
p r o f i le s  o f  8 He l in e s ,  5 S i l l  and 3 S i l l l  l in e s  were computed f o r  
a range o f T^^^ and lo g  g v a lu e s . An agreement in  T ^^^ and lo g  g 
e s tim a te d  from  th e  H e l l in e s  and t h a t  e s tim a te d  from  th e  S i l l / S i l l l  








F ig u re  5 .16  The behav iou r o f  th e  computed 4131& S i l l  and 4075 
S i l l l  l i n e  p r o f i le s  f o r  v a r io u s  te m p e ra tu re s  and g r a v i t ie s  w ith  an 
abundance n ^ ^ s lx io  ^ and v^=10km s ^ . The observed  p r o f i le s  a re  
in d ic a te d  by c ir c le s .
a) Te ff=11 ,000K  lo g  g=1.0 ( s o l id  l i n e ) ,  T^^^=12,000K lo g  g=1.0
(s h o r t-d a s h e d ) ,  T^^^=13,000K lo g  g=1.0 ( lo n g -d a s h e d ) , T^^^=14,000
lo g  g=1,25 (d o t te d ) .
b) T^^^=10,000K lo g  g z I.O  ( s o l id  l i n e ) ,  T^^^=11,000K lo g  g=1.0
(s h o r t-d a s h e d ) ,  T^^^=13,000K lo g  g=1 ,0 ( lo n g -d a s h e d ) , ^^^^=14,000
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F ig u re  5 .1 7  The computed ( f u l l  l i n e )  and observed ( c i r c le s )  
p r o f i le s  o f  th e  H e l l in e s  a t  4026, 4388 and 4471& f o r  T^^^=14,000K
and lo g  g=1 .2 5 . The p r o f i le s  (d o tte d )  o f  th e  4471& l i n e  a re  a ls o  
shown f o r  ( in c re a s in g  dep th ) T^^^=10,000K and lo g  g = 1 .0 , 
Tg^^=13,000K and lo g  g = 1 .0 , and T^^^=13,0GGK and lo g  g = 1 .5 .
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e r r o r s  from  th e  f i t t i n g  p ro ced u re  a re  e s tim a te d  t o  be 
and A lo g  gss^O '^S . A t t h i s  tem pe ra tu re  th e re  i s  no lo n g e r  any 
ev idence  f o r  an u l t r a - v i o l e t  excess. F ig . 5 .16  shows th e  b ehav iou r 
o f  th e  S i l l / I I I  l in e s  f o r  v a r io u s  tem pe ra tu res  and g r a v i t ie s  and an 
abundance o f  ng=1x10 , somewhat s m a lle r th a n  t h a t  e v e n tu a lly
adopted (2x10 ) .  The f i t s  a t  T^^^=14,000K and lo g  g=1 .25 would  be
im proved w ith  th e  la r g e r  abundance and in c lu s io n  o f  th e  
in s tru m e n ta l b roaden ing  (0 .2 5 A FWHM). F ig . 5 .17  shews th e  observed 
and computed p r o f i le s  o f  th e  4471A H e l l i n e  f o r  s e v e ra l 
te m p e ra tu re s  and g r a v i t ie s  ( th e  p r o f i l e  f o r  T^^^=14,000K, lo g  g=1 .5 
has been o m itte d  f o r  c la r i t y ,  b u t i s  a lm ost id e n t ic a l  to  th a t  f o r  
Tg^^=13,000K, lo g  g = 1 .0 ) , as w e l l  as those  o f th e  4026A and 4388A 
l in e s  i n  th e  adopted m odel. The im po rtance  o f  th e  s i l i c o n  l in e s  as 
a check on th e  model g iv e n  by the  H e l l in e s  i s  dem onstra ted  
g r a p h ic a l ly  in  F ig . 5 .1 7 , w h ich  m ig h t o th e rw is e  have suggested 
T^^^=10,000K and lo g  g = 1 .0 . An a d d it io n a l check on th e  c o rre c tn e s s  
o f  Tg^^ was by re q u ir in g  t h a t  th e  abundances frc m  a l l  th e  l in e s  be 
independen t o f  t h e i r  e x c i t a t io n  p o te n t ia l .  An id e a  o f  th e  e f f e c t  
on th e  de te rm ined  a tm osp h e ric  param eters caused by th e  o m iss io n  o f  
l in e - b la n k e t in g  i n  th e  m odels i s  g iv e n  by Heber (1983) who has 
e s tim a te d  c o r re c t io n s  o f  -300K i n  T^^^ and -0 .1 5  in  lo g  g f o r  th e  
EHe s ta r  HD168476, f o r  w h ich  W alker & Schonberner (1981) d e te rm ined  
T^^f=14,000K  and lo g  g = 1 .5 .
W ith  an e s tim a te  o f  T^^^ and lo g  g th e  m ic ro tu rb u le n c e  
v e lo c i t y  was de te rm ined  by re q u ir in g  th a t  the  abundances from  10 
N i l  and 12 SIX l in e s  show a minimum e r ro r  i n  lo g  n. The r e s u l t s  
shown i n  F ig . 5 .1 8  in d ic a te  v^=10km s ~ \  in  agreement w ith  th e
F ig u re  5 .1 8  D e te rm in a tio n  o f th e  m io ro tu rb u le n c e  v e lo c i t y  v ^ . The 
v a r ia n c e  o f  th e  mean lo g  n f o r  10 N i l  and 12 S I I  l in e s ,  p lo t te d  as 
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F ig u re  5 .1 9  The e f fe c t  o f m ic ro  tu rb u le n c e  (km ) on th e  
computed e q u iv a le n t  w id th  o f  the  4643# N i l  l i n e .
3
30T,„=14.000K log g=1.25 
N il 4643Â 20
2.6
2
1.5 -33.5 - 24
log n
F ig u re  5 ,1 8  D e te rm in a t io n  o f  th e  ra ic ro tu rb u le n c e  v e lo c i t y  v ^ . The 
v a r ia n c e  o f  th e  mean lo g  n f o r  10 N i l  and 12 S I I  l in e s ,  p lo t te d  as 
a fu n c t io n  o f  v ^  (km s ) .
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F ig u re  5 .1 9  The e f fe c t  o f m ic ro  tu rb u le n c e  (km s~^ ) on th e  
computed e q u iv a le n t  w id th  o f  th e  N i l  l i n e .
30T .„= 14 .000K  log  g=1.25 






va lu e  adopted o r ig in a l l y  so t h a t  no c o r re c t io n  to  th e  and
lo g  g e s tim a te s  from  th e  v^-dependen t S i l l / I I I  e q u il ib r iu m  r a t io  
was necessary . F ig ,  5 .1 9  dem onstra tes th e  e f fe c t  o f 
m ic ro  tu rb u le n c e  on th e  computed e q u iv a le n t w id th  o f th e  4643A N i l  
l i n e .
5 .3b  ABUNDANCE DETERMINATIONS
The adopted model has T^^^=14,OOOK, lo g  g=1.25 and n^^= 0 .99 . 
Tab le  5.1 l i s t s  th e  m u l t ip le t  number, la b o ra to ry  w ave leng th ,
e x c i t a t io n  energy, e q u iv a le n t  w id th ,  lo g  g f  and lo g  n f o r  each l in e  
used in  th e  abundance a n a ly s is .  The sources o f  th e  lo g  g f  v a lu e s  
a re  in d ic a te d  by i n i t i a l s  i n  th e  column a t  f a r  r ig h t .  The e r ro rs  
g iv e n  w ith  the  mean abundances a re  dete rm ined  from  th e  s c a t te r
between l in e s  and do n o t take  account o f any s y s te m a tic  e r ro r s  i n  
f - v a lu e s  o r u n c e r ta in t ie s  i n  T^^^ and lo g  g. Abundances were
de te rm ined  from  in d iv id u a l  cu rves  o f g row th  computed f o r  each l in e  
excep t f o r  T i l l ,  C r I I ,  and F e l l  f o r  w h ich , because o f th e  g re a te r  
number o f l in e s  in v o lv e d ,  cu rve s  computed a t  3900, 4200, 4500 and
4800A (F ig ,  5 .2 0 ) were used. That the  cu rves a re  d i f f e r e n t  in  
F ig . 5 .20  i s  due to  changes i n  o p a c ity  w ith  w ave leng th .
F ig . 5.21 i s  a t h e o r e t ic a l  cu rve  o f  g row th  f o r  a l l  S I I  l in e s  
id e n t i f ie d  i n  th e  spectrum , a lth o u g h  o n ly  12 l in e s  were judged to  
be s u f f i c i e n t l y  w e l l- d e f in e d  to  be usab le  in  th e  abundance
d e te rm in a t io n . The N i l  and S I I  abundances were c a lc u la te d  f i r s t  as
these  e lem ents were used i n  th e  d e te rm in a t io n  o f  the
m ic ro tu rb u le n c e  v e lo c i t y .  The o n ly  carbon l in e  p re sen t (F ig .  5 .7 )
i s  th e  4267A C II^  l i n e ,  w h ich  i s  b lended bu t re s o lv a b le  w ith  S l l^ g .
Table  5 .1  L in e s  used to  d e r iv e  elem ent abundances, 
m u lt
no. L in e eV W(mA) lo g  g f - lo g n Source
H I 2 .3 0 WSG
H el 0 .004 GJK
C II
6 4267.14 17.96 138 0.96 4.26 WSG
N i l
5 4613.87 18.39 110 -0 .5 9 2 .89 DH
4643.09 18.40 173 -0 .3 7 2.55 DH
4621.39 18.39 180 - 0.47 2 .40 DH
4607.15 18.38 185 - 0 .47 2.36 DH
12 3995.00 18.42 243 0 .30 2.79 DH
20 4803.27 20.58 62 -0 .1 2 3 .04 WSG
4788.13 20.56 49 -0 ,3 7 2 .99 WSG
38 4082.28 23.03 66 - 0 .34 2 .17 GR
39 4041.32 23.04 67 0 .85 3 .19 WSG
4044.75 23.03 37 -0 .4 4 2 ,43_ WSG
n=10 2,68+0 .34
M g ll
4 4481.20 8.83 540 0 .9 8 3.29 WSM
10 4390.60 9.96 152 -0 .5 0 3 .80 WSM
4384.65 9.95 146 -0 .7 8 3 .57 WSM
18 4739.59 11.52 129 -0 .4 2 3 .43 WSM
25 4851.10 11.58 161 -0 .6 8 3 .25 WSM
28 4193.44 11.58 94 - 1.07 3 .25 WSMn=6 3 .43+0 .22
S i l l
3 4130.90 9.80 369 0 .6 0 3.74 SG
3.01 4075.45 9.84 118 -1 .4 0 3.74 SG
4076.78 9.84 77 -1 .6 7 3.80 SG
7.06 4200.79 12.53 170 -0 .4 2 3.49 SG
7.26 4198.13 13.49 76 —0 .61 3.41 SG
n=5 3.64+0 .17
S i l l l
2 4552.65 19.02 250 0 .29 3 .42 WSM
4567.85 19.02 124 0.07 4.20 WSM
4574.80 19.02 109 -0 .4 1 2 ^ WSM
m=3 3.83+0 .39
S I I
9 4716.23 13.56 166 -0 .5 2 4.17 WSM
4656.74 13.53 150 —0 .81 4.03 WSM
40 4524.68 15.00 223 0 .1 2 4 .00 WSM
43 4483.42 15.83 75 -0 .4 3 4.13 WSM
4432.41 15.80 43 -0 .4 6 4.43 WSM
44 4162.70 15.88 157 0 .7 8 4 .64 WSM
4153.10 15.83 151 0 .6 2 4.55 WSM
45 3946,98 15.78 36 -0 .8 4 4.14 WSM
46 4792.02 16.07 75 -0 .1 2 4.33 WSM
49 4282.63 16.03 82 —0.10 4.41 WSM
59 4032.81 16.18 145 0 .2 4 4 .09 WSM
66 4259.18 17.37 94 0 .5 2 iU 32 . WSM
n=12 4.27 0 .21
T i l l
11 4012.37 0 .57 105 —1.61 4.77 DK
4395.03 1 .08 126 -0 .4 7 5 .58 W
4450.49 1 .08 47 -1 .4 5 5.26 DK
20 4294.10 1 .08 210 - 1.05 4.21 RAS
31 4501.27 1.11 120 -0 .7 5 5.37 DK
40 4417.72 1.16 35 —0.86 5.96 RAS
41 4290.22 1.16 71 —0.80 5.62 W
4300.05 1.18 144 -0 .4 7 5 .38 W
4307.90 1.16 75 -1 .1 5 5.24 W
4301.93 1.16 48 -1 .1 6 5.48 DK
4312.86 1 .18 76 —1.16 5.22 DK
4314.98 1.16 77 "1 .1 3 5.24 DK
50 4563.76 1.22 74 -0 .8 4 5 .60 W
4589.96 1.23 74 - 1 .73 4.71 RAS
51 4399.77 1.23 58 -1 .3 2 5.21 DK
4394.06 1.22 13 -1 .5 9 5.66 DK
82 4571.97 1.56 118 -0 .6 5 5.34 RAS
94 4350.83 2.05 17 - 1 .74 5 .08 RAS
105 4163.64 2 .5 8 83 - 0 .30 5.56 RAS
4171.90 2 .59 63 -0 .5 6 5.46 RAS
114 4874.02 3 .0 8 32 -1 .0 1 5 .18 RAS
115 4411.08 3 .0 8 38 - 1 .32 4.77 RAS
n=22 5.27 0 .39
C r I I
18 4113.24 3 .0 9 26 - 3.11 4.23 KP
19 4051.97 3 .09 47 -2 .5 1 4 .60 KF
26 4207.35 3.81 33 —2.68 4.21 KP
4086.14 3 .7 0 30 —2 .61 4 .32 KP
30 4824.13 3 .85 320 -1 .20 4.70 KP
4848.24 3.85 117 "1 .3 5 4 .79 KP
4864.32 3 .84 99 "1 .6 6 4 .60 KP
4876.48 3 .84 113 "1 .5 9 4.56 KP
4812.35 3 .8 5 51 "2 .2 3 4.53 KP
4836.22 3 .84 57 "2 .2 2 4 .40 KP
31 4242.38 3 .85 212 "1 .70 3 .82 KP
4261.92 3 .8 5 95 "1 .9 3 4.39 KP
4275.57 3 .84 81 -2 .1 2 4.32 KP
44 4558.66 4 .06 196 "0 .6 9 4 .72 KP
4588.22 4 .0 6 181 "0 .8 7 4.66 KP
4618.83 4.06 130 "1 .1 0 4.91 KP
4634.11 4 .0 5 115 "1 ,2 5 4.81 KP
4555.02 4 .0 5 64 "1 .5 3 4.79 KP
4592.09 4 .06 87 "1 .4 8 4 .82 KP
4616.64 4 .05 79 "1 .5 9 4 .72 KP
162 4224.85 5.31 95 "1 .7 0 4 .1 5 KP
165 4098.44 5.31 54 -1 .3 7 4.95 KP
192 4256.16 6.46 32 -1 .4 4 4.56 KP
193 4070.90
n=24
6.46 54 -1 .02 iU6.Q^ 




5 4755.73 5.37 57 -1 .51 4.64 KP
6 43 26.76 5 .37 41 -1 .6 0 4 .64 KP
4345.6
n=3
5.37 20 -2 .3 8 4 ,3 3 ^  
4 .54  0
KP
.18
F e l l
3 3938.29 1.66 70 -3 .8 9 3.31 GI
27 4273.32 2 ,69 102 -3 .3 4 3.20 GI
4303.17 2 .69 176 -3 .8 3 3.83 GI
4351.76 2 .6 9 190 -2 .2 0 3 .53 K
4385.38 2 .77 147 -2 .4 7 3.66 FMWY
4416.82 2 .7 7 150 -2 .3 4 3 .7 8 FMWY
28 4122.64 2 .57 111 -3 .1 1 3 .37 FMWY
4178.85 2 .57 230 -2 .5 9 2.87 FMWY
4296.57 2 .69 140 -3 .0 1 3 .27 GI
29 3974.16 2 .6 9 79 -3 .5 1 3 .26 GI
32 4314.29 2 .66 68 -3 .5 6 3.26 K
4338.70 2 .6 8 39 -4 .2 0 2.91 K
37 4489.19 2 .8 2 94 -2 .9 2 3 .6 2 FMWY
4491.40 2 .84 122 -2 .5 6 3.77 FMWY
4515.34 2 .83 186 -2 .4 8 3 .3 2 FMWY
4629.34 2 .79 172 -2 .3 7 3 .63 FMWY
4582.83 2 .83 82 -3 .0 8 3 .57 FMWY
4520.23 2 .7 9 176 -2 .6 0 3.31 FMWY
38 4508.28 2 .84 187 -2 .21 3 .58 GI
4522.63 2 .83 219 -2 .11 3 .3 9 FMWY
4541.52 2 .84 134 -2 .5 7 3 .6 9 FMWY
4576.33 2 .83 117 -2 .9 7 3 .42 FMWY
4583.83 2 .7 9 243 —1.80 3 .52 FMWY
4620.51 2 .8 2 75 -3 .1 5 3.57 GI
43 4731.44 2 .8 8 79 -3 .3 6 3.26 GI
186 4625.91 5.93 60 —2 .6 2 3.11 K
4635.33 5 .93 159 -1 .6 5 3 .3 4 K
187 4069.88 5 .89 43 -3 .0 8 2 .89 K
4111.90 5 .93 51 -2 .4 2 3 .34 K
221 4449.66 
n=30




F e l l l
4 4419.59 8.21 190 -2 .3 3 3 .89 KP
4395.78
n=2
8.22 148 -2 .7 1 3 .88
3 .89
KP
W i l l
1 4244.80 4.01 62 -2 .6 7 4.64 KP
9 4362.15 4.01 83 -2 .7 1 4.44 KP
11 4067.05 4.01 181 -1 .86 4.51 KP
12 4015.50
n=4
4.01 113 -2 .4 6 4 .45  KP 
4 .51+ 0 .09
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F ig u re  5 .20  T h e o re t ic a l cu rves o f  g row th  f o r  F e l l  ( to p  to  bottom )
a t  3900, 4200, 4500 and 4800&.
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Knowing th e  s u lp h u r abundance, th e  c o n t r ib u t io n  to  th e  e q u iv a le n t
w id th  from  th e  S I I  l i n e  was computed and s u b tra c te d , le a d in g  to  an
e s tim a te  f o r  th e  ca rbon  abundance o f n^=5x10"^. A hydrogen
abundance n^cSxIO "^ was de te rm ined  from  th e  th re e  l in e s
Hy , S an d e  , F ig .  5 .2 2  shews th e  observed and computed p r o f i le s
-4  -3f o r  H6 w ith  n^=5x10 and 5x10 . As has been shown i n
S ect, 5 .2 b , th e  two Baim er l in e s  o f  lo w e s t e x c i t a t io n  occu r i n  
em iss io n . The o th e r  H l in e s  a re  p resen t o n ly  in  a b s o rp t io n ,
a lth o u g h  i t  may be th e  case th a t  they a re  p a r t ly  f i l l e d  i n  by
e m iss ion . The H abundance may th e re fo re  a c tu a l ly  be h ig h e r tha n
th a t  e s tim a te d  h e re .
The average e le m e n ta l abundances l i s t e d  i n  Tab le  5 .2  have been 
n o rm a lised  such t h a t  JSn^/i^= 12.15 (where n^ i s  th e  number f r a c t io n  
and i s  th e  a to m ic  w e ig h t number o f e lem ent i )  to  a llo w
com parison w ith  s ta r s  o f  ' norm al ' co m p o s itio n . T h is  i s  a p p ro p r ia te  
when th e  hydrogen  i s  assumed to  have been b u rn t to  h e liu m . The 
mass f r a c t io n s  a re  X=0.001, Y=0.973 and 2=0.026 ( t o  w h ich  2^=0.007
i s  th e  la r g e s t  s in g le  c o n t r ib u to r ) .  The abundances o f  CPD-58^2721 
and HD168476 r e la t i v e  to  th e  sun a re  shown i n  F ig . 5 . 2 3 . A lso  
shown r e la t iv e  to  th e  sun a re  the  abundances o f  LSS 4300 d e te rm ined  
from  a p re lim in a ry  f in e  a n a ly s is  o f  the  s ta r  by Schonberner & 
D r i l l i n g  (1 9 8 4 ).
The observed abundances g iv e  im p o rta n t c lu e s  to  th e  s t a r 's  
n u c le a r h is to r y  and i t s  l i k e l y  p ro g e n ito rs  and descendants. The 
most n o ta b le  chem ica l d i s t in c t i o n  between th e  EHdBs and th e  EHe 
s ta r s  i s  th e  N/C r a t i o .  The r a t io  n^:ng=40 c a lc u la te d  he re  f o r
F ig u re  5 .2 2  Observed ( c i r c le s )  and computed p r o f i l e  o f  H<5 f o r  





T ab le  5 .2  A tm ospheric  param eters and n o rm a lise d  abundances f o r
CPD-58^2721 and r e la te d  o b je c ts .
CPD-58°2721 LSS 4300 HD168476
T e f f (K ) 14,000 14,400 14,000
lo g  g 1.25 1 .4 1 .5
lo g  L/M 4 .7 4 .6 4 .5
Abundances n o rm a lise d to  I n .  u . = 12 .151 1 B S ta rs ^ Sun^
H 9 .2 9 .0 < 7 .8 12.0 12,0
He 11.5 11.5 11.5 11.0 11.0
C 7 .3 8 .0 9 .5 8 .6 8 .7N 8 .9 9 .3 8 .9 7 .9 8 .0Mg 8.1 7 .9 7 .7 7 .3 7 .5S i 7 .8 7 .8 7 .7 7 .5 7 .5S 7 .3 7 .0 7 .2 7 .2
T i 6 .3 5 .7 4 .5 4 .9Cr 7 .0 6 .2 5 .5 5 .6
Mn 7 .0 6 .2 5 .5Fe 8.1 7 .5 7 .5 7 .6 7 .5
N i 7 .0 6 .5 5.1 6 .2
R e fe ren ce s ; 1 .S chonbe rner & D r i l l i n g  (1984) 2 .W a lke r & Schonberner 
(1981) S .S cho lz  (1972) 4 .H o lw eger (1 9 7 9 ).
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CPD-58^2721 i s  h ig h e r th a n  th a t  observed i n  LSS 4300 and Ups Sgr
(n ^ in ^  20; Hack & P a s in e t t i  1963, Schonberner & D r i l l i n g  1984).
The N/C r a t i o  observed i n  th e  atm ospheres o f  th e  EHdBs has been
e x p la in e d  as th e  exposure o f GNO-processed m a te r ia l a t  th e  su rfa c e
o f  th e  s ta r  fo l lo w in g  m a s s - tra n s fe r  (S chonberner & D r i l l i n g  1983).
For the  CNO-cycle in  e q u i l ib r iu m ,  e s s e n t ia l ly  a l l  th e  GNO n u c le i 
14a re  co nve rte d  to  N. The EHe s ta r s  a ls o  show th e  p ro d u c ts  o f  th e
GNO-cycle b u t w ith  an a d m ix tu re  o f  th e  p ro d u c ts  o f  H e -b u rn ing ,
12about one p e rce n t o f th e  he lium  hav ing  been co n ve rte d  to  G w ith  
th e  r e s u l t  t h a t  th e  n ^ in ^  r a t i o  i s  ro u g h ly  re ve rse d  to  th a t  
observed i n  th e  EHdBs. The presence o f  th e  p ro d u c ts  o f  H e -b u rn ing  
has been in te r p r e te d  as d i r e c t  ev idence  f o r  m ix in g  o f  th e  deep 
i n t e r i o r  and th e  s t e l l a r  s u rfa c e  (P a czynsk i 1971) w h ich  cannot have 
o ccu rre d  i n  th e  EHdBs.
Hydrogen appears r e la t i v e l y  abundant i n  GPD-58^2721 and 
LSS 4300 (n ^  > 10 ^ )  when compared w ith  th a t  observed i n  th e  EHe
s ta r s  (n ^  ^  10” ^ ) and th e  two c o o le r  EHdBs Ups Sgr and KS P erse i 
(n ^  10” ^ ) .  Whereas th e  i r o n  abundance i n  LSS 4300 and HD168476
i s  a p p ro x im a te ly  s o la r ,  in  GPD-58°2721 i t  appears overabundant by 
about 4 tim e s . The i r o n  group ( T i ,  Cr, Fe) as a w ho le  i s  e n r ic h e d  
(by an average o f  0 .4  d e x ) , and th e  in te rm e d ia te  Z e lem ents (Mg, 
S i,  S) to  a le s s e r  e x te n t (0 .2  d e x ), a g a in s t t h a t  observed i n  
HD168476. However, as th e  d if fe re n c e s  a re  com parable w ith  the  
in d iv id u a l  e r ro r s  f o r  th e  mean abundance in  each s ta r ,  th e  r e s u l t s  
p resen ted  he re  shou ld  o n ly  be cons ide red  as s u g g e s tiv e  o f abundance 











F ig u re  5 .2 3  Abundances o f  CPD-58^2721 ( to p )  and HD168476 
shown r e la t i v e  to  th e  su n . U n c e rta in  v a lu e s  a re  shown w ith o u t  
e r ro rb a r s .  The abundances o f  LSS 4300 r e la t i v e  to  th e  sun a re  
a ls o  shown and a re  in d ic a te d  by open t r ia n g le s .
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Whereas th e  l i g h t e r  e lem ents can be a f fe c te d  by n u c le a r 
p ro cess in g , the  h e a v ie r  e lem ents presum ably have m a in ta in e d  t h e i r  
p r im o rd ia l abundance and a re  e s s e n t ia l ly  th a t  o f  th e  i n t e r s t e l l a r  
medium out o f w h ich  the  s ta r  form ed. The heavy m e ta l c o n te n t in  
CPD-58°2721 i s  c o n s is te n t  w ith  th e  id e a  th a t  i t  be longs to  a young 
p o p u la t io n  o f  s ta r s .  T h is  i s  suppo rted  by th e  o b s e rv a t io n  th a t  th e  
EHdBs l i e  c lo se  to  th e  p lane o f  th e  ga laxy  and fo l lo w  th e  g a la c t ic  
r o t a t io n  ( D r i l l i n g  & Heber 1985, J e f fe r y  e t  a l .  1987a). The 
su g g e s tio n  o f a d if fe re n c e  in  th e  heavy m e ta l c o n te n t between 
CPD~58°2721 and LSS 4300, and in  tu r n  t h e i r  g re a te r  abundance o f 
hydrogen r e la t iv e  to  th a t  observed in  Ups Sgr and KS P e rse i, 
suggests  th a t  th e  EHdBs do n o t form  a homogeneous group w ith  
re s p e c t to  t h e i r  chem ica l co m p o s itio n . T h is  w ou ld  n o t be 
unexpected as th e  EHe s ta rs  show s ig n i f ic a n t  in h o m o g e n e it ie s  in  
chem ica l c o m p o s itio n  and do n o t appear to  be long  to  one s in g le  
p o p u la t io n  (Heber 1983» 1986).
Knowing T ^^^  and lo g  g a llo w s  th e  lu m in o s ity -m a s s  r a t io  L/M to  
be de te rm ined . For CPD-58^2721 logL /M  = T ^ ^ ^ g  = 4 .7 ’*'0.3 ( s o la r  
u n i t s ) ,  w h i ls t  th e  co rre sp o n d in g  e s tim a te  f o r  LSS 4300 i s  4 .6 .  I t  
was no ted  in  S e c t. 5 .1b  th a t  CPD-58°2721 m ig h t be a s s o c ia te d  w ith  
th e  Eta C arina  nebu la  a t  a d is ta n c e  o f 2 .7 k p c , in  w h ich  case 
= - 4 .  In  o rd e r to  c a lc u la te  a lu m in o s ity  i t  i s  necessary to  
know the  b o lo m e tr ic  c o r re c t io n .  A d o p tin g  a c o r r e c t io n  o f  -1 .0 * 0 .4  
mag ( A l le n  197 3 ) ,  and u s in g  th e  r e la t io n  = 4 .7 5 - 2 .S lo g L /L ^ ,
le a d s  to  lo g L /L  = 3 *9 ^ 0 .2 . As th e  EHdBs a re  b e lie v e d  to  haveG —
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masses in  th e  range 0 .5 -2M ^ ( P Iavec 1986), th e  lu m in o s ity  e s tim a te s  
f r o n  the  L/M r a t i o  w ou ld  seem to  be in c o m p a tib le  w ith  a d is ta n c e  
o f  2 ,7 kp c  f o r  th e  s ta r .  Even f o r  th e  most fa v o u ra b le  e s tim a te  
d > 3kpc. The c o n c lu s io n  has to  be drawn th a t  CPD-58^2721 i s  more 
d is ta n t  th a n  th e  C a rin a  neb u la , and th a t  th e  th e  a lig n m e n t o f th e  
s ta r  w ith  a fe a tu re  i n  th e  neb u la  i s  c o in c id e n ta l.
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Summary o f Work
A p h o to m e tr ic  s tu d y  o f th e  EHdBs and th e  EHe s ta r s  has 
d e te c te d  fo u r  new v a r ia b le s  (BD+1°4381, BD-1°3438, L S IV -1 °2 ,
CPD-58°2721 ) ,  co n firm e d  th e  suspected v a r i a b i l i t y  in ' a f u r t h e r  two 
(L S II+ 3 3 °5  and B D -9^^395), and shown th a t  th e  v a r i a b i l i t y  o f  
Ups Sgr i s  due to  p u ls a t io n  ra th e r  than  to  e c lip s e s .  The presence 
o f  c o lo u r changes i n  a l l  b u t BD-9°4395 c o in c id e n t  w ith  th e  
lu m in o s ity  v a r ia t io n s ,  in d ic a te s  th a t  they a re  r a d ia l  p u lsa to r s .  
The p h o to m e tr ic  v a r i a b i l i t y  o f  BD+1°4381 (>--21 days) appears to  
re p re s e n t a s t r a ig h t fo rw a rd  e x te n s io n  o f  r a d ia l  p u ls a t io n  i n  RGB 
s ta r s  to  h ig h e r  te m p e ra tu re s . The s h o r te r  t im e s c a le  (5 -8  days) o f  
th e  v a r ia t io n s  i n  BD-1^3438 i s  c o n s is te n t  w ith  r a d ia l  p u ls a t io n  o f 
th e  s ta r  i n  i t s  f i r s t  overtone-m ode. V a r ia b i l i t y  i n  L 8 IV -1 °2
appears to  be due to  a s in g le  p e r io d  o f  ^^11 days. L S II+ 3 3°5  
(T e ff= 1 5 ,0 0 0 K ) f a l l s  i n  a tem pe ra tu re  range p re v io u s ly  d e vo id  o f  
co n firm e d  v a r i a b i l i t y  i n  th e  EHe s ta r s .  I t s  i r r e g u la r  b eh a v io u r i s  
l i k e  th a t  o f BD-1°3438, b u t on a s h o r te r  t im e s c a le  o f  3 -4  days. So 
f a r ,  a l l  th e  s ta r s  s tu d ie d  in  d e ta i l  in  th e  range 9 ,5 0 0 -1 5 ,OOOK 
have proved to  be p h o to m e tr ic  v a r ia b le s .  S im ila r  to  HD160641 th e  
h o t te r  s ta r  BD-9°4395 (T^^^=23,000K ) does n o t show c o lo u r  changes. 
The t im e s c a le  o f  th e  v a r ia t io n s ,  to g e th e r w ith  th e  absence o f  
d e te c ta b le  c o lo u r  changes, suggests  th a t  th e  v a r i a b i l i t y  o f  th e  
s ta r  i s  due to  n o n - ra d ia l p u ls a t io n .  The change from  r a d ia l  to  
n o n - ra d ia l p u ls a t io n  can be understood  as an in c re a s e  i n  s u rfa c e  
g r a v i t y .
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Three o f  fo u r  known EHdBs were observed. The o b s e rv a tio n s  o f  
KS P e rse i suggest l i g h t  and c o lo u r  changes on a tim e s c a le  o f  <^5 
days, in  a d d i t io n  to  th e  3 0-day l i g h t  v a r ia t io n  p re v io u s ly  
re p o r te d . The l i g h t  cu rve  o f  CPD-58^2721 was s u b je c te d  to  a 
d e ta ile d  fre q u e n cy  a n a ly s is .  The presence o f s ig n i f ic a n t  peaks in  
th e  F o u r ie r  tra n s fo rm  o f  th e  l i g h t  cu rve  in d ic a te s  th a t  th e  
l ig h t - c u r v e  i s  n o t c o m p le te ly  i r r e g u la r .  A F o u r ie r  d eco m p o s ition  
to  e lu c id a te  s t r i c t l y - p e r io d i c  s t r u c tu r e  in d ic a te s  th a t  the  g e n e ra l 
fe a tu re s  o f  th e  l i g h t  cu rve  may be re c o n s tru c te d  from  two 
s i ne -waves w ith  p e r io d s  o f  9 .3  and 14.1 days. The o b s e rv a tio n s  a re  
in s u f f i c i e n t ,  however, to  a llo w  a c la im  f o r  m u l t i - p e r io d ic i t y .  
S im ila r  to  th e  l i g h t  cu rve s  o f  th e  o th e r h y d ro g e n -d e f ic ie n t  s ta r s  
i t  appears t h a t  i t  may be re p re se n te d  a de q ua te ly  by a 
q u a s i-p e r io d ic  v a r ia t io n ,  w ith  a mean p e r io d  o f 9 .4 *1 .5  days. No 
v a r ia t io n  was fo u n d  i n  th e  l i g h t  cu rve  w h ich  co u ld  be re la te d  to  a 
b in a ry  p e r io d  f o r  th e  s ta r  w h ich  suggests  th a t  CPD-58°2721 i s  n o t 
an e c l ip s in g  b in a ry .
The l i g h t  v a r i a b i l i t y  o f  Ups Sgr had p re v io u s ly  been a s c r ib e d  
to  e c lip s e s .  The d e ta i le d  p h o to m e tr ic  in v e s t ig a t io n  o f Ups Sgr 
p resen ted  here  has f a i le d  to  d e te c t any evidence f o r  e c lip s e s  b u t 
has re v e a le d  th e  presence o f  20-day and 239-sec p e r io d ic i t i e s  i n  
th e  l i g h t  c u rv e . The la rg e -a m p litu d e  (0 .1 7  mag i n  V) 
q u a s i-p e r io d ic  20-day v a r ia t io n  i s  c le a r ly  to  be id e n t i f ie d  w ith  
r a d ia l  p u ls a t io n  o f  th e  s u p e rg ia n t p rim a ry  in  i t s  fundam enta l 
mode. The o r ig in  o f  th e  co h e re n t, s m a ll-a m p litu d e  ( --0 .0 2  mag) 
239-s e c  p u ls a t io n s  i s  u n c le a r .
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Assuming Ups Sgr to  com prise  a 1M^ s u p e rg ia n t p rim a ry  w ith  
Tef|.= 10,500K and a m ain-sequence companion, a g r id  o f  s y n th e t ic  
b in a r y - s ta r  l i g h t  cu rve s  w ere  genera ted  a t  w a ve leng ths  o f  1600A and 
5500A f o r  v a r io u s  in c l in a t io n s  o f  th e  b in a ry  system  to  th e  l i n e  o f 
s ig h t .  The s m a ll a m p litu d e  o f any e l l ip s o id a l  l i g h t '  v a r ia t io n s  in  
th e  observed l i g h t  cu rve  im p lie s  a sm a ll in c l in a t io n  ( i  3 0 ^ ) , 
w h ich  from  th e  mass fu n c t io n  g iv e s  a secondary mass ^  12M^. T h is  
i s  a m a s s - ra t io  much more extrem e than  p re v io u s ly  th o u g h t. The 
m odels o f  th e  l i g h t  cu rve  in d ic a te  th a t  a m ain-sequence secondary 
o f  11M^ and a pp rox im a te  s p e c tra l type  B2 i s  c o n s is te n t  w i th  th e  
observed f l u x  e q u iv a le n c y  o f  th e  components a t  1600A, and th e  
co nco m ita n t n o n -d e te c t io n  o f  th e  secondary a t  o p t ic a l  w ave leng ths  
due to  th e  dominance o f  th e  p rim a ry  in  th e  o p t ic a l  re g io n .
The e v o lu t io n a ry  h is to r y  o f Ups Sgr can be unde rs tood  i n  te rm s 
o f  b in a ry  e v o lu t io n  in v o lv in g  two ep isodes o f  R oche-lobe o v e r flo w  
by th e  p r im a ry , w h ich  was o r ig in a l l y  th e  more m assive  component 
w ith  a p r im o rd ia l mass i n  th e  range Ups Sgr i s  p re s e n t ly
i n  a slow  phase o f  m a s s - tra n s fe r  i n  w hich the  secondary i s  a b le  to  
a c c re te  a l l  the  mass lo s t  by the  p rim a ry , a consequence o f th e  
extrem e m a s s - ra t io .  Depending on th e  e f f e c t s  o f  a f u tu r e  
common-envelope p h a s e (s ), o r b i t a l  sh rin kag e  may b r in g  th e  
components s u f f i c i e n t l y  c lo s e  to  a llo w  m erg ing o f  th e  components in  
a Hubble tim e . However, Ups Sgr can n o t be regarded  as a p re c u rs o r 
o f  th e  RGB o r EHe s ta r s  th rou g h  a fu tu re  m erg ing  o f  th e  b in a ry  
components. M erg ing  must produce a Type I  supernova as th e  mass o f 
th e  components w ou ld  be above the  Chandrasekhar l i m i t .  In  th e
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absence o f m erg ing , a supernova even t may s t i l l  r e s u l t  i f  th e  
secondary i s  s u f f i c i e n t l y  m assive th a t  i t  w i l l  be unab le  to  a v o id  
co re  c o lla p s e , o th e rw is e  Ups Sgr i s  d e s tin e d  to  c o n s is t  o f  a p a i r  
o f  degenera te  d w a rfs , each o f
On p h o to g ra p h ic  p la te s ,  CPD-58^2721 appears to 'b e  a s s o c ia te d  
w ith  a b r ig h t  k n o t i n  th e  E ta  C a rina  nebu la . A s p e c tro s c o p ic  s tud y  
o f  th e  kn o t shows i t  to  have a n e b u la r e m iss ion  spectrum  t y p ic a l  o f  
a low  e x c i t a t io n  H I I  re g io n ,  w ith  T ^ = 1 o \  and sslO^cm” ^ .  The 
r a d ia l  v e lo c i t y  o f  th e  io n is e d  hydrogen i n  th e  k n o t i s  c o n s is te n t  
w ith  th e  v e lo c i t y  o f  th e  io n is e d  gas in  th e  the  s u rro u n d in g  C a rin a  
nebu la . The heavy re d d e n in g  o f  CPD-58^2721 in d ic a te s  th a t  th e  s ta r  
l i e s  w i t h in ,  o r  a t  a g re a te r  d is ta n c e  than , th e  C a rina  n ebu la . The
s iz e  o f  th e  k n o t a t  th e  d is ta n c e  o f  th e  C a rina  nebu la  w ou ld  be ^1c o n s is te n t  w ith  io n is a t io n  by a h o t secondary o f  a s im i la r  s p e c tra l 4
type  as have been d e te c te d  i n  Ups Sgr and KS P e rs e i. That th e  
u l t r a - v i o l e t  spectrum  o f  CPD-58^2721 i s  due p r im a r i ly  to  th e  
v i s ib le  s ta r  does n o t p re c lu d e  th e  e x is te n c e  o f a h o t secondary. I
A f in e  abundance a n a ly s is  o f  CPD-58^2721 was perform ed u s in g  a 
g r id  o f  c o n s ta n t f l u x  continuum  model atm ospheres. The e f f e c t iv e  
te m p e ra tu re  and g r a v i t y  were dete rm ined  from  the  H e l l i n e  p r o f i le s  
and th e  io n is a t io n  e q u i l ib r iu m  r a t io  o f S i l l / I I I .  The model 
adopted has T^^^=14,000K, lo g  g=1.25 and n jj^= 0 .99 . A 
m ic ro  tu rb u le n c e  v e lo c i t y  o f  10km s”  ^ was e s tim a te d  u s in g  th e  N i l
and SIX l in e s .  The la rg e  n ^ in ^  = 40 r a t io  can be unders tood  as 
CNO-processed m a te r ia l re v e a le d  a t  th e  su rfa c e  o f th e  s ta r  
fo l lo w in g  m a s s - tra n s fe r ,  and i s  somewhat h ig h e r th a n  th a t  found  f o r
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Ups Sgr and LSS 4300. The s u g g e s tio n  o f  a heavy-m eta l -I
overabundance a g a in s t t h a t  observed i n  LSS 4300, and th e  la r g e r  i
abundance o f  hydrogen i n  LSS 4300 and CPD-58^2721 to  th a t  e s tim a te d
f o r  Ups Sgr and KS P e rs e i, suggests  th a t  th e  EHdBs a re  n o t
homogeneous i n  t h e i r  c h a n io a l co m p o s itio n .
■Suggestions f o r  f u t u r e  w ork
The unexpected d e te c t io n  o f  a 2 3 9 -second p e r io d  in  th e  l i g h t  
cu rve  o f  Ups Sgr p re s e n ts  a dilemma as th e  e x trem e ly  s h o r t  
t im e s c a le  o f  th e  lu m in o s ity  v a r ia t io n s  appears in c o n s is te n t  w ith  
v a r ia t io n s  o f  th e  s u p e rg ia n t p rim a ry  o r th e  main-sequence
secondary. F u r th e r  o b s e rv a tio n s  a re  needed to  r u le  ou t th e
p o s s ib i l i t y ,  however u n l ik e ly ,  o f  an in s tru m e n ta l o r ig in .  As y e t ,  
i t  has n o t been p o s s ib le  to  f in d  any ev idence f o r  e c lip s e s  i n  th e  
th re e  EHdBs s tu d ie d  in  d e t a i l .  A search shou ld  be made f o r  
e c lip s e s  i n  LSS 4300, as t h e i r  d e te c t io n  w ou ld  a llo w  d e te rm in a tio n  
o f  im p o rta n t system param ete rs. More a c c u ra te ly  d e fin e d  
r a d ia l - v e lo c i t y  cu rves  w ou ld  h e lp  g r e a t ly  in  th e  search f o r  
e e l ip s e - r e la te d  v a r ia t io n s .  In  t h i s  re s p e c t r a d ia l - v e lo c i t y  
measurements a re  a m a tte r  o f u rgency f o r  CPD-58^2721 and LSS 4300.
I f  a s u f f ic ie n t  number o f  contem porary  r a d ia l - v e lo c i t y  measurements 
o f  Ups Sgr become a v a i la b le  i t  may be p o s s ib le  to  d e te c t a chang ing 4
m a s s -ra t io  from  a change in  th e  b in a ry  p e r io d  o ve r th e  la s t  60 
y e a rs  and so p ro v id e  a u s e fu l check on e v o lu t io n a ry  models.
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The r e s u l t s  o f  th e  p h o to m e tr ic  m o n ito r in g  in d ic a te s  th e  EHdBs 
and th e  EHe s ta r s  d is p la y  s im i la r  p h o to m e tr ic  b e h a v io u r. The EHdBs 
a re  th e  r e s u l t  o f  an e v o lu t io n  in v o lv in g  m a s s - tra n s fe r  w h i ls t  th e  
EHe and RGB s ta r s  show no ev idence  o f b in a r i t y  and conse q ue n tly  
must have a d i f f e r e n t  e v o lu t io n a ry  h is to r y .  The f a c t  th a t  bo th  
g roups have s im i la r  p u ls a t io n a l c h a r a c te r is t ic s  in d ic a te s  th a t  th e  
o v e r a l l  s t r u c tu r e  o f  t h e i r  o u te r  la y e rs ,  a t  le a s t ,  must be 
com parable in  s p ite  o f t h e i r  d i f f e r e n t  e v o lu t io n a ry  s ta tu s .  I t  i s  
im p o r ta n t to  c o n tin u e  and ex tend  th e  o b s e rv a tio n s  i n  o rd e r to  see 
w he ther th e  b in a r ie s  behave as members o f  th e  EHe s ta r s  and to  
id e n t i f y  th e  e x is te n c e  and e x te n t o f  a p u ls a t io n a l i n s t a b i l i t y  
re g io n . In  th e  lo n g  te rm , ev idence  f o r  p e r io d  changes co u ld  
in d ic a te  e v o lu t io n a ry  e f fe c ts .  T h is  demands s u s ta in e d  and 
c o n tin u o u s  m o n ito r in g  i n  o rd e r to  de te rm ine  th e  p re c is e  behav iou r 
o f  these v a r ia b le s .  A ltho u gh  a la rg e  amount o f te le sco p e  tim e  i s  
re q u ire d ,  th e  programme i s  w e l l  s u ite d  to  s m a ll te le s c o p e s . I t  was 
re g r e t ta b le  th a t  an a d d it io n a l 2 weeks awarded a t  th e  OSN in  1985 
by th e  Panel f o r  th e  A l lo c a t io n  o f  Telescope Time was la t e r  
w ith d ra w n  by the  SERC.
In  th e  u n d e rs ta n d in g  o f  th e  e v o lu t io n a ry  h is to r y  o f  the  EHdBs 
and the  EHe s ta r s  an im p o r ta n t c lu e  comes from  th e  p re c is e  
knowledge o f in te g r a l  s t e l l a r  param eters  and th e  s u rfa ce  
co m p o s itio n . A tm ospheric  param ete rs  and abundances have so f a r  
o n ly  been de te rm ined  f o r  5 EHe s ta r s  and 3 EHdBs. The sample needs 
to  be in c re a s e d  g r e a t ly  in  o rd e r to  in v e s t ig a te  to  what e x te n t 
in h o m o g e n e itie s  e x is t  between o b je c ts .  The necessary h ig h  q u a l i t y
" >. 'i ■ \‘i T , . V
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s p e o tro s c o p io  d a ta  a lre a d y  e x is ts  to  p e rfo rm  th e  a n a lyse s . I t  
shou ld  th e n  be p o s s ib le  to  address th e  problem  o f  th e  extrem e 
h y d ro g e n -d e fic ie n c y  i t s e l f .
> . . .A '
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